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GLOSSARY

Advanced exploration: Advanced exploration relates 
to the later part of stage 2 (if early-stage exploration 
results justify the intensification of the exploration effort) 
and to stages 3 and 4 of figure 5.7. It includes the use 
of heavy machinery such as diamond-drilling rigs or 
tunneling activities. It uses the techniques mentioned 
under “early-stage exploration”, in addition to diamond 
drilling, trenching and tunnelling (if justified), down-
the-hole geophysics, three-dimensional digital orebody 
modelling, the collection of one or several bulk samples 
and the performance of ore-processing pilot-scale tests, 
geotechnical and water resources assessment, mine 
planning, early engineering studies, environmental and 
social impact assessments, the preparation of strategic 
environmental management plans and economic 
modelling. A stepwise approach is used to assess the 
merits of the project in view of the extra investment 
needed to begin a new step. If warranted, advanced 
exploration leads to the preparation of a feasibility study.

Brownfield exploration: In mineral exploitation, 
“brownfield exploration” designates exploration in areas 
near already known mineral deposits or exploration for 
lateral or in-depth extensions of known deposits.

By-product: In some ores, it may be the case that two 
or more metals are present, but only one has sufficient 
value to economically justify the investment needed to 
mine and process that ore. By-products are any other 
metals incidentally present that may or may not be 
documented in feasibility studies. By-products may or 
may not be recovered during ore processing or, mostly, 
metallurgy and refining. On a case-by-case basis, mining 
companies may perceive additional income from the 
presence in ore concentrates of specific by-products 
(e.g. gold present in some copper ore concentrates) 
that they can sell to smelters. Payments received by 
mining companies for their by-product(s) are designated 
“by-product credits”. Some unwanted by-products (e.g. 
arsenic) that are above accepted thresholds may also 
translate into penalties applied to the concentrate price 
paid by smelters to miners.

Co-product: In some ores, two metals can be present, 
each with sufficient value to economically justify the 
investment needed in the mining and metallurgical 
recovery of that metal. In this specific case each of these 
metals is a co-product of the other. A well-documented 
example of a co-product case are the copper-cobalt 
deposits in the Democratic Republic of the Congo. 

Construction minerals: Typical construction minerals 
are aggregates (sand, gravel and crushed natural stone), 
various brick clays, gypsum and natural ornamental or 
dimension stone

Dutch disease: The expression “Dutch disease” 
describes the various negative impacts on the Dutch 
economy (inflation, rising value of the local currency 
(hampering exports) and surging labour costs) that 
arose as a consequence of the discovery and rapid 
development of the Groningen gas fields in the 
Netherlands in the early 1960s. The expression was 
coined by the British journal The Economist.

Early-stage exploration: Early-stage exploration consists 
of activities relating to stage 1 and the early part of stage 
2 of figure 5.7, excluding the use of heavy machinery 
such as diamond-drilling rigs or tunneling activities. 
It may include any combination of the following 
techniques: bibliographic analysis and compilation; 
airborne and satellite imagery compilation; field mapping 
and sampling; geochemical sampling; mineralogical, 
petrographic and age determinations; trenching; airborne 
geophysical data acquisition; light detection and ranging 
(LIDAR) surveys; hyperspectral surveys; and three-
dimensional digital modelling

Exploration: This refers to all activities related to 
the search for new mineral deposits and the related 
development activities up to the completed feasibility 
study.
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Feasibility study: A feasibility study is a comprehensive 
technical and economic study of the selected 
development option for a mineral project that includes 
appropriately detailed assessments of applicable 
modifying factors, together with any other relevant 
operational factors and detailed financial analysis needed 
to demonstrate, at the time of reporting, that extraction 
is judged (economically viable to mine). The results 
of the study may reasonably serve as the basis for a 
final decision by a proponent or financial institution to 
proceed with or finance the development of the project. 
The confidence level of the study will be higher than that 
of a pre-feasibility study.

Geological stocks: This refers to potential, as yet 
undiscovered, mineral concentrations contained in 
the upper part (between the surface and at a depth 
of +/- 3 km) that, pending successful exploration, will 
supply future needs (especially for metals). Tentative 
evaluations of geological stocks have been performed 
for some metals, such as copper.

Greenfield exploration: In mineral exploitation, 
“greenfield exploration” designates exploration in areas 
with no known mineral deposits

Home country: This is used to refer to the country where 
the mining company is registered. It is important to 
note that, with the emergence of the global value chain 
for minerals and metals, the distinction between home 
country and host country can be blurred.

Host country: This is used to designate the country 
where the minerals and metals are exploited. The caveat 
noted for “home country” also applies here.

Metallurgy: The science and art of separating metals 
and metallic minerals from their ores by mechanical and 
chemical processes; the preparation of metalliferous 
materials from raw ore (United States Bureau of Mines). 
Note: biological processes, such as bacterial leaching, 
may also be used to recover metals from certain ores. 
In this report, the use of the term includes the closely 
related refining activities needed to purify the raw metal 
obtained from the metallurgical process in order to meet 
required metal purity standards.

Metals: In most cases, a metal is an opaque, lustrous, 
elemental substance that is a good conductor of heat and 
electricity. It is also malleable and ductile, possesses high 
melting and boiling points, and tends to form positive ions 
in chemical compounds (United States Bureau of Mines). 
For the sake of simplicity, in this report the expression 
“metals” includes metalloids as these mostly occur as 
by-products of metals and are recovered during the 
metallurgy or refining processing of metallic ores.

Mineral deposits: A geological concentration of minerals 
of proven economic value.

Mineral reserve: “A Mineral Reserve is the economically 
mineable part of a measured and/or Indicated Mineral 
Resource. It includes diluting materials and allowances 
for losses, which may occur when the material is mined 
or extracted and is defined by studies at pre-feasibility 
or feasibility level as appropriate that include application 
of Modifying Factors. Such studies demonstrate that, 
at the time of reporting, extraction could reasonably 
be justified.” Definition by the Canadian Institute of 
Mining, Metallurgy and Petroleum (2014, available at: 
https://mrmr.cim.org/media/1128/cim-definition-
standards_2014.pdf). Reserves are reported as probable 
or proven in order of increasing certainty.

Mineral resource: “A Mineral Resource is a concentration 
or occurrence of solid material of economic interest in 
or on the earth’s crust in such form, grade or quality and 
quantity that there are reasonable prospects for eventual 
economic extraction. The location, quantity, grade or 
quality, continuity and other geological characteristics of 
a Mineral Resource are known, estimated or interpreted 
from specific geological evidence and knowledge, 
including sampling.” Definition by the Canadian Institute 
of Mining, Metallurgy and Petroleum (2014). Mineral 
resources are reported as inferred, indicated or measured 
in order of increasing certainty.

Mining: The science, technique and business of mineral 
discovery and exploitation. Strictly speaking, the word 
denotes underground work aimed at the severance and 
treatment of ore or associated rock. Practically, it includes 
opencast work, quarrying, alluvial dredging and combined 
operations, including surface and underground attack and 
ore treatment (United States Bureau of Mines).
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Modifying factor: According to the Definition Standards 
for Mineral Resources and Reserves of the Canadian 
Institute of Mining, Metallurgy and Petroleum (2014) 
“modifying Factors are considerations used to convert 
Mineral Resources to Mineral Reserves. These 
include, but are not restricted to, mining, processing, 
metallurgical, infrastructure, economic, marketing, legal, 
environmental, social and governmental factors.”

Ore: An assemblage of minerals from which at least 
one economically valuable substance, most frequently a 
metal (such as copper, gallium, gold, iron or zinc), can be 
extracted further to chemical or physical processing of 
the ore (see the terms ‘ore processing’ and ‘metallurgy’). 
Typically, an ore comprises several minerals (‘ore 
minerals’) of which only one, or a few, have an economic 
value. All other minerals have no economic value.

Ore processing: (equivalent to ‘ore beneficiation’ or ‘ore 
dressing’, frequently found in the relevant literature): 
Especially for the production of metals, ore processing 
tends to be a specific combination of biological, 
chemical or physical processes needed to separate 
the economically valuable ore minerals from the other 
valueless minerals present in the ore. This separation 
results in the production of a concentrate of economic 
minerals and ore-processing waste that will have to 
be disposed of in the form of tailings (in specifically 
engineered reservoirs called tailing ponds).

In the case of construction materials, such as sand and 
gravel, processing is frequently limited to some crushing, 
sorting and washing operations.	

Pre-feasibility study: A pre-feasibility study is a 
comprehensive study of a range of options for the 
technical and economic viability of a mineral project that 
has advanced to a stage where a preferred mining method 
(for underground mining) or the pit configuration (for an 
open pit) has been established and an effective method 
of mineral processing has been determined. It includes 
a financial analysis based on reasonable assumptions 
of the modifying factors and the evaluation of any other 
relevant factors that are sufficient for a qualified person, 
acting reasonably, to determine whether all or part of the 
mineral resource may be converted to a mineral reserve 
at the time of reporting. A pre-feasibility study is at a lower 
level of confidence than a feasibility study.

Refining: The purification of crude metallic products 
(United States Bureau of Mines). This activity is closely 
related to metallurgy, and is aimed at removing residual 
impurities contained in metallic melts and meeting 
market specifications on maximum allowed impurities.

Resource curse: Negative relationship described by 
several authors between resource abundance and poor 
economic, environmental or social performance, arising 
from an emphasis on exports and a failure to invest the 
resulting foreign exchange productively.

Responsible mining: Responsible mining or, rather, the 
responsible production of minerals and metals can be 
defined by the industrial and institutional rules, procedures 
and operational practice that align, at the level of individual 
production sites, to meet society’s needs for minerals 
and metals, ensuring economic returns for investors and 
enterprises without causing unsustainable environmental 
and social harm as a result of production activities or 
their legacies after the end of such activities. Responsible 
mining strives to deliver the United Nations Sustainable 
Development Goals. Verifiable and auditable stakeholder 
integration and public reporting on production activities 
in a format conformable with international standards, 
such as the Standard for Responsible Mining (https://
responsiblemining.net/resources/#full-documentation-
and-guidance) developed by the Initiative for Responsible 
Mining Assurance, are important components to achieving 
recognition as a responsible mining (or metallurgical or 
metal refining) site.

Resource nationalism: Resource nationalism can take 
multiple forms. It can be defined as anti-competitive 
behaviour by individual nations, designed to restrict the 
international supply of a natural resource, for instance 
to maximize the added value generated on their 
territories. It can also be a politically driven means of 
exerting control over supply chains, depending on the 
specific minerals and metals involved, through financial 
control of key producing countries, generally in order 
to develop a competitive advantage or geopolitical 
leverage. Resource nationalism is frequently expressed 
by tariff and non-tariff barriers restricting the free trade 
of minerals and metals. Resource nationalism is likely 
to have a greater effect on the global terms of trade 
when a natural resource is only produced in a few 
countries. In these markets, countries can affect global 
prices for raw materials and have the most to gain from 
resource nationalism. In these cases, the main producers 
(companies or countries) may act together to manipulate 
global prices.
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Sovereign wealth fund: This is resource revenue that is 
sequestered in a special fund by mineral-rich countries. 
These special-purpose financial vehicles are aimed at 
helping to ensure the proper management of resource 
revenues. Sovereign wealth funds can have a number 
of components that may include: a stabilization fund, 
which captures in excess a pre-determined commodity 
price (used to project flows for budget purposes) and 
releases these funds to support the budget when the 
price falls below the predetermined price; a development 
fund that captures a portion of the resource flows and 
puts them in a fund to focus on long-term projects such 
as infrastructure; and a heritage fund, which captures the 
resources and saves them for future generations. These 
funds are long-term investments to be drawn by future 
generations.

Sustainable development licence to operate: The 
sustainable development licence to operate is a 
project-specific, formalized governance framework to 
support the contribution of individual projects in the 
minerals and metals industry to the achievement of the 
Sustainable Development Goals and other international 
policy commitments. It argues for moving away from 
the amorphous and metaphorical nature of the social 
license to operate and the sectorial and one-dimensional 
nature of existing governance instruments. It consists 
of an integrated and inclusive approach that should 
be formally adopted by all stakeholders in individual 
operations, premised on the need for positive economic, 
social and environmental outcomes. 

The sustainable development licence to operate is 
applicable to governments, companies, local populations 
and all other stakeholders involved in the mining sector. 
It forms an essential reference framework for evaluating 
the later environmental, social and governance 
performance of projects and companies. 	

The concept of the sustainable development licence to 
operate and its principles are detailed in the International 
Resource Panel (2020) report Mineral Resource 
Governance in the 21st Century.	

Third sector: Civil society, research institutions, local 
communities, non-governmental organizations, concerned 
citizens, consumers, workforces and labour groups.
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FOREWORD

Achieving the 1.5°C climate target is no longer a matter 
of choice, but a critical necessity.  2024 has been 
confirmed as the warmest year on record, with global 
temperatures averaging approximately 1.5°C above 
pre-industrial levels. This marks the continuation of the 
trend where the past decade 2015-2024, has been the 
hottest ever recorded. Unsustainable consumption and 
production have strained our planet’s finite resources, 
exacerbating global inequalities and undermining 
ecosystems that we all depend on. A global sustainable 
energy transition is crucial to stay within the 1.5-degree 
climate goal and achieve the SDGs, but it hinges on 
meeting the increasing demand for critical energy 
transition minerals such as lithium, cobalt, and copper. 
In 2023 alone, the demand for minerals such as nickel, 
cobalt, graphite, and rare earth elements saw increases 
of 8 per cent to 15 per cent.

This report shows that an increase in demand for energy 
transition minerals will require a financial investment 
in their production of up to US$450 billion from 2022-
2030 and up to US$800 billion by 2040. Such investment 
will need to take social and environmental, as well as 
financial, outcomes into account to promote more 
responsible mining practices. This means ensuring that 
mineral supplies are secured, without compromising 
the environment or infringing upon human rights. This 
involves safeguarding Indigenous Peoples lands and 
rights, tackling energy poverty, and preventing water 
pollution, land degradation, and ecological destruction.

The significance of responsible mining and minerals’ 
management across their entire value chain has led to 
the development of key principles set forth by the UN 
Secretary-General’s Panel on Critical Energy Transition 
Minerals. In their report, “Resourcing the Energy 
Transition: principles to guide critical energy transition 
minerals towards equity and justice” the Panel highlights 
recommendations emphasising fairness, transparency, 
investment, sustainability and human rights.

To achieve these goals, comprehensive reforms in 
both the mining and finance sectors will be required to 
foster sustainable production practices. These reforms 
should accelerate the adoption of circular economy 
strategies and resource efficiency, crucial to managing 
the demand for primary minerals. Mutually beneficial 
partnerships between the communities and countries 
that host the mines and the importing and processing 
countries, based on the equitable sharing of benefits, are 
essential to address concerns about geopolitical security 
of transition minerals supply chains. In addition, efforts 
should focus on improving security, skills, working 
conditions, miners’ incomes and gender equality related 
to all mining and especially to artisanal and small-scale 
mining. Finally, the report highlights the importance 
of international cooperation, without which the energy 
transition we aspire to is unlikely to succeed.

The International Resource Panel’s findings reinforce and 
guide the uptake of the principles by the UN Secretary-
General’s Panel. UNEP and partners will prioritize efforts 
to advance the outcomes of the UN Secretary General’s 
Panel, including responsible investment, transparency, 
accountability, circularity and material efficiency, and 
multilateral cooperation. I urge all stakeholders within 
the finance, mining, and industry sectors to commit to an 
environmentally and socially just transition. Together, we 
can ensure that the benefits of resource extraction are 
equitably shared, promoting the wellbeing of both people 
and the planet.

    

Sheila Aggarwal-Khan 
Industry and Economy 
Division Director

xv



PREFACE

Minerals and metals are essential materials in our lives 
and play a critical role in driving economic, social, and 
technological development. As the world transitions to 
sustainable development and the achievement of net-
zero emissions by 2050, which requires a significant shift 
in energy systems towards clean energy technologies, 
the demand for specific minerals and metals, such as 
lithium, nickel, and copper, is surging.  These minerals are 
crucial for the development of batteries, solar panels, and 
electric vehicle, and therefore are central to clean energy 
technologies and to enabling the energy transition.

However, the intensifying demand for energy transition 
minerals poses significant challenges for the 
environment and the local communities where mining 
occurs. Without transformative changes to mining 
practices, this demand could amplify the negative 
consequences historically associated with extractive 
industries.

The International Resource Panel (IRP) has addressed 
some of these challenges in earlier reports including 
the Enabling the Energy Transition. This report outlines 
three key strategies for managing the demand for energy 
transition minerals and metals: reducing demand drivers, 
integrating circular economy principles, and ensuring 
that the supply of these materials adheres to rigorous 
environmental and social standards. Furthermore, the 
IRP’s 2020 report, Mineral Resource Governance in the 
21st Century: Gearing Extractive Industries Towards 
Sustainable Development, highlighted the need for strong 
governance to address the environmental and social 
challenges posed by mining. It advocated for a shift 
from the traditional “social license to operate” model 
toward a new governance framework—the “sustainable 
development license to operate”. This new framework 
ensures that decisions in the extractive industry are in 
line with the 2030 Agenda for Sustainable Development, 
fostering shared benefits for all parties involved.

Building upon this foundation, the IRP has developed 
this new report: Financing the Responsible Supply of 
Energy Transition Minerals for Sustainable Development 
(2025). This report underscores the finance sector’s 
pivotal role in fostering responsible mining. Given the 
massive investments required to meet the escalating 
demand for energy transition minerals—from exploration 
and extraction to processing and refining, this is a 
unique opportunity to drive transformative change. The 
report advocates for financial reforms that prioritize 
environmentally and socially responsible practices, 
ensuring equitable economic, social, and financial 
benefits for all involved.

We hope that the recommendations outlined in this 
report inspire a shift toward an industry that advances 
sustainable development: by combining sustainable 
finance with responsible mining, the mining sector 
can contribute positively to local communities, host 
countries, and the global transition to low-carbon 
technologies.

	           

Janez Potočnik and Izabella Teixeira
IRP Co-Chairs
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EXECUTIVE SUMMARY AND KEY 
MESSAGES

Introduction 

Minerals and metals make a huge contribution to global 
economic activity and sustainable development. They 
underpin many of the products and services human life 
and well-being now depend on.

This Report ‘Financing the Responsible Supply of Energy 
Transition Minerals for Sustainable Development’ 
looks at that part of the minerals and metals sector 
that is important for the transition to clean energy, 
as envisaged by the Paris Climate Agreement and 
ongoing climate negotiations. The report  examines the 
prospective future demand for a subset of minerals and 
metals, called in this report ‘energy transition minerals’, 
or just ‘transition minerals’, such as cobalt, copper, 
nickel, lithium, and manganese, that is particularly 
important to the transition away from fossil fuels.  

Supplying these “transition minerals” at the scale 
envisaged will require a substantial increase in 
investment in the mining and processing industries. 
However, if this growth in mining is implemented 
according to current mainstream practices, it will 
result in considerable social and environmental 
damage, negatively affecting the local communities 
and environment where the mines are located. This 
assessment report covers the major issues that will 
need to be addressed if the low-carbon energy transition 
is to be supplied with the minerals it needs in a timely 
way and responsible manner. 

Key message

To achieve the low-carbon energy 
transition by 2050, a significant increase 
in the supply of “energy transition 
minerals” is essential. Meeting the 
demand for these minerals by 2030 will 
necessitate investment of up to US$450 
billion in their production.

The report focuses on how the financing of the extraction 
of these minerals should be reformed to help bring 
about their environmentally and socially responsible 
production, and the equitable distribution of the resulting 
financial and other economic and social benefits.  The 
report explores the scale of the challenge, in terms of 
both increasing the supply of primary metals, and the 
need to manage the demand for them through circular 
economy approaches and resource efficiency policies. 
Finally, it describes how ‘sustainable finance’ combined 
with ‘responsible mining’ could lead to the emergence 
of a mining industry that contributes to the sustainable 
development of local communities and countries that host 
the mines, and the countries that import them for their 
low-carbon technologies, as envisaged by the Sustainable 
Development Licence to Operate (SDLO, IRP 2020). 

The report is organized into two parts, with a total of eight 
chapters.  The first four Chapters (Part 1) set the scene 
and context for the current situation in respect of minerals 
and metals. Part 2 focuses on the financing of minerals 
and metals production. 

The eight chapters aim to answer the following 
questions:  
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Chapter 1: What are the basics of 
mineral production and trade and the 
patterns in mineral-producing areas in 
different regions? 

According to the Global Resources Outlook (2024), 
between 1970 and 2024 the annual global extraction of 
raw materials increased by a factor of three and a half, 
from 31 billion metric tons to 107 billion metric tons, 
amounting to an annual average increase of 2.3 per cent. 
On current trends global extraction will increase by a 
further 60 per cent by 2060.

During this period, the relative tonnage of the raw 
materials such as biomass, fossil fuel carriers, metallic 
and non-metallic minerals has changed. Today non-
metallic minerals extraction makes up half of annual 
global raw material extraction, up from 31 per cent 
in 1970. The share of metals in total global material 
extraction grew from 9 per cent in 1970 to around 10 per 
cent in 2024. In absolute numbers, this is a growth from 
2.6 billion to 10.6 billion metric tons, or a 2.6 per cent 
growth of metals extraction per year.

The global geological availability of metals and minerals, 
with few possible exceptions, is unlikely to be an issue. 
However, many of them, and the processing capacity that 
is required to convert them into an industrially useful form, 
are very concentrated in certain countries and regions of 
the world, including China, Africa and South America.

China has a very large variety and quantity of mineral 
resources. The five materials of which it contains the 
highest proportion of the world’s reserves are tungsten 
(56 per cent), molybdenum (46 per cent), vanadium 
(43 per cent), rare earths (37 per cent), and titanium 
(33 per cent). China is also dominant in the processing 
of these and other raw materials for downstream 
industrial applications, including most low-carbon 
energy transition technologies. The Chinese 
government has an ambitious policy for the ecological 
transformation of its mining sector. 

Many African countries have the potential to play a 
substantial role in the provision of transition minerals. 
Fourteen important transition minerals are produced 
in the continent and in the case of chromium, cobalt, 
manganese, and platinum, Africa accounts for half of 
world production, and for over a quarter of the world’s 
production of bauxite and palladium. As the exploitation 

of these minerals gathers pace, the key question is the 
distribution of the costs and benefits between the various 
stakeholders. Potential costs, including corruption, social 
disruption and environmental damage, will need to be 
strictly controlled, while there will need to be benefits 
to the local community and wider national economy. 
Companies will need to address such issues as a priority 
if they are to win a ‘social licence to operate’, while host 
governments will also need to pay close attention to 
these issues if a mining boom from extracting transition 
minerals is to contribute substantially to Africa’s 
sustainable development.

Countries in South America have important mineral 
reserves, with a high percentage   of the world’s 
reserves of niobium (89 per cent), lithium (47 per cent), 
molybdenum (33 per cent), copper (30 per cent), silver 
(28 per cent), tin (21 per cent), iron (19 per cent), gold 
and zinc (10 per cent) and bauxite (9 per cent). The 
mining production of South America includes a large 
part of all the metals and minerals produced in the 
world. The economic contribution of mining is essential 
for several economies in the region, especially for 
Suriname, Peru, Bolivia, Colombia, Guyana and Chile. In 
these countries, mining accounts for a high percentage 
of exports and production. For example, in 2019 
mining exports were most relevant in Chile, where they 
accounted for 51.3 per cent of total exports, followed 
by Peru, with 41.9 per cent foreign direct investment 
in mining grew strongly from the year 2000, driven by 
the increase in demand for base metals in China. In 
the future, it is expected to continue growing, driven by 
the increased demand for the metals necessary for the 
energy transition, such as copper and lithium.

Because of the geological concentration of different 
metals in different parts of world, trade plays a crucial 
role in supplying metals to industries in those countries 
which do not have those resources. The length and 
complexity of the ensuing supply chains can be a source 
of vulnerability to the industries and wider economies 
of those countries. Reducing trade dependencies is 
considered important for transition metals that will be 
demanded in much higher quantities for the necessary 
rapid decarbonization of the energy systems. The report 
suggests that a reliable quantification of the mutual 
dependencies between trade partners in individual metal 
markets could help countries to develop more balanced 
trade partner portfolios and to create more resilient 
supply chains.
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Chapter 2: What are the relevant issues 
in relation to investment and investors? 

Mining will need to attract very large quantities of 
financial capital to meet the projected demand for 
transition minerals. The great majority of this investment 
will need to come from the private sector and will 
only flow to mining if it offers the requisite balance 
between risk and return.  So, the most important factor 
influencing investment in mining is current and expected 
future mineral prices, which are largely set globally 
but influenced by many factors. They include supply 
shocks, shifts in demand, macroeconomic conditions, 
currency fluctuations, geopolitical events, production and 
technology costs, government regulations, speculation, 
scams, and investment itself – in mineral exploration, 
mining, ore processing, metallurgy and in the required 
flanking sectoral public institutions, including those 
dealing with research and innovation. How these factors 
in aggregate influence global prices is still not well 
understood. 

Supply and demand fundamentals are very important, 
but these signals can be obscured by geopolitical 
issues and speculation in financial markets. The long 
lead times from exploration to production, and possible 
shifts in technologies and therefore the demand for 
specific minerals, also increase the price uncertainties 
with which prospective investors and mining companies 
need to contend. 

However, future demand for transition minerals 
generally seems certain to increase dramatically as a 
result of countries’ increasing commitment to the low-
carbon energy transition, running the risk of significant 
price increases if supply of these minerals fails to keep 
up with demand.

China has been investing strategically in the exploration, 
production and processing of transition minerals since 
the early years of this century, with investment being 
divided in different proportions over the years between 
private companies, and central and local government. 
From the late 1980s, Chinese companies have also 
invested heavily in mining in other countries, most 
notably in Australia, although since 2014, overseas 
mining investment by Chinese companies has declined.

In Africa, the key issues for investment are the stability 
of governance and policy, regulatory capacity and the 
skills of the labour force. Artisanal and small-scale 
mining (ASM) contributes a significant proportion of 
Africa’s production of some important minerals. Illicit 
financial flows (IFF) are a key governance issue for many 
resource-rich African countries. These illicit flows rob 
many African countries of financial resources that should 
contribute to their sustainable development through 
investment in capacity-building, downstream industries 
and infrastructure. 

In respect of South American countries that are 
important producers of minerals, this chapter focuses 
on their tax and royalty regimes, and the efficiency and 
effectiveness with which these regimes capture some 
proportion of the economic rents from mining for the 
State. It is shown that there is a balance to be struck 
as commodity prices change between guaranteeing a 
certain revenue for the State through ad valorem taxes, 
which in the extreme may make mining unprofitable at 
low prices, and taxes on profits, which will reduce State 
revenues when prices are low.

Chapter 3: What are the key social and 
environmental issues relevant to mining? 

Mining companies have understood for many years that 
successful mining requires a ‘social licence to operate’. 
The previous report by the International Resource Panel 
in 2020 recommended that this should be extended to a 
‘Sustainable Development Licence to Operate’ (SDLO), 
so that mining could make a positive contribution across 
the economic, social and environmental dimensions 
included in the SDGs. 

Regarding economic development, mining can play a 
positive role by increasing local value addition, using 
local goods and services and employing local people, 
where possible, by driving technology adoption both in 
mining and beyond it, and by providing infrastructure 
that continues to be useful beyond the life of the mine. 
Achieving such outcomes is not straightforward, 
and often requires commitment to capacity-building 
from local policy makers and international financial 
institutions.
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Key message

Greater focus on environmental, social, 
and governance issues in mining for 
transition materials is essential, more so 
than in the past. 

Responsible mining practices that secure 
a sustainable development licence to 
operate should become the standard.

From a social perspective, mining needs to pay attention 
to land rights and displacement issues, as well as equity 
issues, such as the substantial discrimination against 
women in mining. The social cost of mining comes 
mainly from the disruption caused by forcing populations 
to relocate, from abuse of human rights and from 
conflicts caused by disruption of lifestyle and livelihoods, 
loss of rights to land and clean water, pollution and 
health concerns, and lack of representation. Local people 
should be properly consulted on and compensated for 
any detriment they may suffer from mining, and land 
should be restored and returned to them following the 
closure of a mine. These considerations are especially 
important in respect of indigenous people, who must 
have an opportunity to give prior informed consent to 
and have the power to refuse mining on their territories. 
Another equity issue is that women tend to be under-
represented in mining, experience disproportionate 
negative impacts and face specific barriers to their 
involvement in it. Both corporate and public policy 
measures need to lead to greater gender equality. 

From an environmental perspective, an understanding 
of the potential environmental impacts of mining 
activities is of paramount importance for their 
technical management and reduction to a socially and 
environmentally acceptable level. The International 
Resource Panel (IRP)’s Mineral Resource Governance 
report (IRP 2020) examined in detail the manifold 
environmental implications of mining, and measures to 
address them. 

This report focuses particularly on mining’s impacts 
on biodiversity, addressing which is most important 
when mining enters ecologically valuable and vulnerable 
ecosystems. The January 2024 commitment to ‘nature-
positive mining’ by the International Council of Minerals 
and Metals (ICMM) illustrates how companies and 
industries can take responsibility to avoid degrading 
biodiversity and to restore ecosystems through their 
activities. 

Chapter 4: What is the potential of 
recycling and wider circular economy 
approaches to contribute to the supply 
of minerals for low-carbon energy 
technologies? 

Key message

Adopting circular economy strategies 
and enhancing resource efficiency are 
crucial to managing the demand for 
primary minerals.

When implemented with other circularity strategies, 
recycling of key minerals and metals can reduce the 
growth in demand for primary transition minerals. 
However, there are challenges which must be addressed 
for effective secondary production to be achieved. These 
challenges, presented below, can be addressed through 
a multifaceted approach, offering policy and business-
driven approaches underpinned by financial instruments. 
For example: recycling targets (for whole products or 
for specific materials), focusing on key performance 
indicators, can track progress and incentivize 
investments in recycling infrastructure; recycling costs 
can be reduced through government-backed financing 
and extended tax provisions for recycling infrastructure, 
making recycling more economically viable; financial 
incentives for eco-design can encourage easily 
recyclable products; governments can finance research 
into new recycling technologies for transition minerals 
and metals; green bonds and impact investing can fund 
the development of recycling facilities to handle complex 
material streams and develop recycling systems in 
emerging economies, prioritizing worker safety and 
environmental sustainability; public-private partnerships, 
supported by training and a mechanism of subsidies and 
penalties can promote less harmful recycling practices; 
public awareness campaigns financed by governments 
can promote household recycling. 

In addition, the production of secondary materials could 
be enhanced through the creation and characterisation 
of a global database for former and operating mining 
tailings facilities to determine their potential for 
economically viable and sustainable metal production. 
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Chapter 5: How is the production of 
minerals and metals financed today? 

Private investors play an important role in the delivery of 
minerals and metals to society, along with public policies 
and regulations in support of their investments, and the 
availability of public finance to create and maintain the 
institutional framework to develop global responsible 
mining. In general, and as indicated in Figure 1, different 
sources of finance (public, private or a mixture of both), 
are required for each of the stages of a mining project. 
For example, geological surveys mainly require public 
financing, exploration mainly involves equity-finance 
of small companies, mine construction is likely to be 
financed by a mixture of retained profits, loans and 
equity, while mine closure and remediation should be 
financed by ring-fenced funds accumulated during 
operation. 

The complexities and long timescales associated with 
mineral production, and the large quantity of capital 
needed to construct a mine and start producing minerals, 
make mining a high-risk industry which requires high 
returns if it is to attract private investors.

Artisanal and small-scale mining (ASM) normally 
accesses finance through small-scale and often informal 
routes. Some formalization of ASM is likely to be required 
for it to be able to access more formal sources of 
finance to improve their economic returns and working 
conditions.

In addition to the development of new production 
facilities such as mines, substantial investment is also 
required for mineral-processing facilities, metallurgical 
plants and metal refineries, and for well-managed closure 
of the mines. 

Public policies and regulations serve to inform finance 
decisions, e.g. through disclosure requirements that 
improve the availability, quality and comparability of data, 
and to attract finance, especially private finance. They 
also are an essential ingredient to foster trust among the 
multiple stakeholders who concur to make responsible 
mining projects possible.

Chapter 6: How would sustainable 
finance support the mining sector to 
contribute to sustainable development? 

Key message

‘Sustainable finance’ that takes social 
and environmental, as well as financial, 
outcomes into account has an important 
role in promoting responsible mining.

The large investments required by mining companies 
put the financial sector in a strong position to exert 
pressure on companies and their stakeholders to include 
sustainability factors in their business practices. In 
recent years, many financial companies have committed 
to sustainability and used ‘sustainable finance’ as a 
means to encourage the uptake of responsible practices. 

Sustainable finance includes social, green (and climate) 
finance, while also incorporating considerations about the 
economic sustainability of the whole financial system. 
Sustainable investing is an “approach that considers 
ESG factors in portfolio selection and management” and 
involves: the exclusion of certain activities or sectors; 
backing best-in-class activities; taking account of certain 
norms or principles; integrating ESG assessments; backing 
sustainability-oriented projects; delivering social or 
environmental impacts; and providing the opportunity for 
corporate or shareholder action. 

Sustainable finance is characterized by different 
principles, frameworks and criteria at different levels. 
At the global level, as high-level objectives, there are 
UN-led Principles, sometimes oriented towards global 
objectives and agreements such as the SDGs or 
the Paris Agreement. From these, more operational 
frameworks or principles have been derived, such as 
the Equator Principles, the Meridian Principles (which 
have been proposed for ASM), the OECD Due Diligence 
Guidelines, the Task Force on Climate-Related Disclosure 
(TCFD), and, most recently, the Task Force on Nature-
Related Disclosure (TNFD). At a more granular level, as 
tools and standards, there are investment taxonomies, 
sustainability-related financial products and the 
sustainability investments of development banks. In 
addition, there is the Global Financial Alliance for Net 
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Zero (GFANZ), which acts as an umbrella for a number of 
financial sector sub-groups, e.g. asset owners, insurers, 
banks etc. Finance taxonomies and non-financial 
reporting requirements seek to provide a robust and 
transparent framework for sustainable finance.

Given the importance of ESG factors in portfolio 
selection, access to information on ESG corporate 
performance in mining is very relevant and it is offered 
by the Responsible Mining Index (RMI) and the Initiative 
on Responsible Mining Assurance (IRMA). The RMI 
reports offer a detailed overview of ESG and mining, 
providing a mine-site assessment to monitor site-level 
actions including “local employment, local procurement, 
post-closure viability of communities, community 
grievances, worker grievances, air quality, water quality, 
water quantity, tailings management, and emergency 
preparedness”. The 2022 RMI report assessed 250 mine 
sites belonging to 40 companies. The report shows that 
there is considerable room for improvement across 
the companies in all areas, but it also shows that this 
improvement is possible. 

When deciding about financing mining activities, 
investors will take account of not only ESG risks from 
unsustainable practices, but also the extra costs that 
might be entailed in more sustainable, practices. A 
survey carried out for this report of a variety of mining-
related companies showed that addressing ESG issues 
would be likely to involve extra costs for companies. 
Environmental issues (water resource management, 
soil restoration, energy use, environmental disaster 
prevention, biodiversity protection and restoration 
and greenhouse gas (GHG) emission reduction) were 
identified as the main likely source of extra costs. 
The costs of responding to social and governance 
issues were the most uncertain, because of the crucial 
importance of context- and client-specific features. 

Clarification of these cost issues seems urgent. Calls for 
mining to support the SDGs, or to adopt a Sustainable 
Development Licence to Operate, or to implement a step 
change in respect of responsibility or sustainability are 
unlikely to be perceived as realistic, if financial markets do 
not reward such practices, and if downstream purchasers 
either cannot recognise metals and minerals produced 
to high-ESG standards, or are unwilling to pay more for 
them. Governments may need to mandate differentiation 
of those products produced to high standards, through 
certification and incentive schemes, such as favourable 
fiscal conditions or preferential market access, if they wish 
mining to be conducted responsibly.

Chapter 7: How can the artisanal 
and small-scale mining financing be 
reformed? 

The artisanal and small-scale mining (ASM) sector 
is labour-intensive, sustaining millions of people and 
contributing significantly to national economies and 
global mineral supply chains. It is also the main source 
of the minerals used domestically in construction, 
manufacturing and agriculture. Operations are mostly 
informal and ASM miners are amongst the most 
marginalised workers globally. 

Key message

Improving security, skills, working 
conditions, miners’ incomes and gender 
equality related to all mining and 
especially to artisanal and small-scale 
mining, needs to be a priority.

Initiatives such as the Mosi-Oa-Tunya Declaration 
(September 2018) and the UN Environment Assembly 
Resolution on Mineral Resource Governance (2022) seek 
to reduce supply chain risks for buyers of commodities 
and improve the lives of communities. 

Some degree of formalisation is essential to improve the 
wages and working conditions of artisanal miners. The 
barriers to such formalisation include compliance fees, 
land tenure, complex registrations, and lack of finance. 
These obstacles can be reduced with locally tailored 
and decentralised licensing procedures, as well as 
capacity building, tax incentives, access to funding and 
technical support, more local participation, and access to 
geological and geospatial data. 

Because it is often perceived as high risk by financiers, 
and with unpredictable returns on investments and 
lack of collateral, the sector finds it hard to access 
traditional finance. It is therefore of subject to abusive 
and exploitative lending practices by informal lenders. 
Formalisation would give artisanal miners access to less 
exploitative sources of finance include microfinance, 
local savings and credit schemes, commercial banks, 
donor funded schemes, cooperative banks, government 
loans and national development banks, as well as, 
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in time, equity financing. A survey of ASM miners in 
the World Bank’s Delve Exchange knowledge network 
highlighted common finance needs for equipment and 
machinery, exploration, mapping, permits, licences, 
feasibility studies, and mine site preparation. Further 
costs include salaries for workers, food supplies, utilities, 
and fuel, as well as education. 

The sector would benefit from the establishment of an 
international framework that directly addresses financial 
challenges. To this end the chapter proposes the 
Meridian Principles, inspired by the Equator Principles. 
These seek to benefit miners and their communities, for 
example through improved health and safety standards, 
but also through mitigation of ESG risks in ASM 
operations, and to make previously high-risk investments 
more attractive to financiers. Investment in ASM could 
also be made more attractive by establishing careful 
processes for selecting borrowers (e.g., prioritising 
groups that can demonstrate accountability for their 
loans), capacity building on both the supply and demand 
side, and provision of credit guarantee facilities.

Chapter 8: What is required to improve 
performance in both mining and finance 
across all the environmental, social 
and governance (ESG) issues and how 
can mining contribute to sustainable 
development and the well-being and 
prosperity of local communities?  

This report has shown the need for internationally 
coordinated action by multiple stakeholders – the 
financial sector, including the banking sector, insurers 
and financial institutions more generally – bilateral 
agencies, public authorities, investors, academia and 
research and NGOs, to close the gap between minerals 
and metals production and sustainable development.

The drivers of pro-sustainability improvements in mining 
will need to be: effectively enforced legal frameworks; 
effectively enforced transparency, accountability and 
reporting, with short (next year), medium (2-5 years) 
and long-term (5 to 10 years) quantified improvement 

objectives; civil society engagement, with free and prior 
informed consent; informed and transparent investors’ 
economic and ESG objectives; and an end to tax havens 
and tax evasion schemes, in line with the standards of 
the OECD’s Global Forum on Transparency and Exchange 
of Information for Tax Purposes. The Responsible Mining 
Index has also played a very useful role in highlighting 
progress, or the lack of progress, in issues of social and 
environmental responsibility in the mining industry.

For private finance to flow at scale into the mining 
sector, the risk/return ratio will need to be sufficiently 
attractive. The risk side of the ratio is adversely affected 
by a number of circumstances that are not exclusive 
to, but are particularly relevant for, the mining sector: 
geopolitical risk, governance/policy risk, ESG risk, local 
social factors, and the risk of asset-stranding from 
technological innovation.

The return side of the risk/return ratio is obviously 
affected by the uncertainties surrounding both the cost 
at which the mineral can be produced, and the price 
at which it can be sold. These are particularly acute 
in respect of the minerals required for the low-carbon 
energy transition because of: the scale at which some 
of the minerals will be demanded and therefore of 
the investments required; the pace of innovation and 
technological change, which may mean that demand 
for minerals currently critical for the low-carbon 
energy transition may be lower than expected; many 
of the relevant minerals are currently produced as by-
products of the production of other metals, so that their 
profitability of production is inextricably linked to that of 
the primary metal being produced; some of the minerals 
are needed in very small quantities and are expensive to 
process; and minerals produced to high ESG standards 
may incur higher costs and be uncompetitive in price-
driven commodity markets.

Such issues need to be addressed so that private 
financial institutions feel sufficiently confident to provide 
the scale of finance that is required. One approach to 
these issues could be agreements founded on a mutually 
beneficial three-way partnership between the host 
community, the producing country and the importing 
country, that includes the major relevant stakeholders 
(companies, investors, trade unions) from each side. 

xxiii



Key message

Mutually beneficial partnerships 
between the communities and countries 
that host the mines and the importing 
and processing countries, based on 
the equitable sharing of benefits, are 
essential to address concerns about 
geopolitical security of transition 
minerals supply chains. 

The report concludes with specific recommendations for 
the financial and other reforms that are required to ensure 
that the production of metals and minerals contributes 
to sustainable development. The recommendations are 
organized around the following 5 areas:

i. Improve transparency, reporting and local 
engagement

	z Mining companies should report their financial 
and ESG outcomes on a site-by-site, gendered and 
‘shared value’ basis, that also takes indigenous rights 
into account, according to an agreed industry-wide 
protocol. 

	z Site-by-site reporting should contain at a minimum 
the information covered by the IRP Protocol for the 
planning and monitoring of mining operations (IRP, 
2020, p.311)

	z Current corporate processes that engage with and 
involve local communities in data acquisition and 
reporting should be developed and become more 
widely adopted.

	z A digital product passport for all mineral commodities 
and their value chains, including ESG information, 
should be developed on the basis of a standard 
reporting protocol, and be required by metal trading 
exchanges.

ii. Incentivise higher mineral recovery and 
recycling rates as part of the circular economy

	z Incentives should encourage mining companies to 
extract high proportions of the metals in their ores.

	z More information about tailings and other residues 
should be made available to open up possibilities for 
re-mining in the future.

	z Exporting countries should benefit from the extraction 
of by-product metals recovered in the smelting and 
processing stages in other countries.

	z The recycling of minerals and metals should be 
considered as the final stage in circular materials 
management, after the application of other circularity 
approaches before products reach their end of life.

	z Policy makers should improve the economic viability 
of circular economy approaches to materials and 
product management by internalising the social and 
environmental costs of primary materials production, 
implementing circular policies through the transition 
minerals’ value chains, validating novel financial 
instruments for increasing investment in circularity, 
and supporting innovative remanufacturing and 
recycling technologies.  

	z Material demand management is also likely to be 
necessary to ensure that material supply is sufficient 
for the essential uses in the low-carbon energy 
transition.

iii. Improve the management of mineral 
markets and build stronger national institutions

	z Mineral-rich developing countries should be 
supported as necessary, through international 
development cooperation and other means, to 
legislate for and build the necessary institutions to 
regulate effectively and justly for responsible mining.

	z Jurisdictions that wish actively to stimulate mining 
to high-ESG standards, and to import products from 
such mining, should join together in a ‘Mining Club 
for Sustainable Development’ and consider putting 
in place a raw material border adjustment aimed at 
leveling the playing field in terms of sustainability 
indicators in global trade.
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iv. Reform the financial system: Financial 
taxonomies, architecture and instruments

	z Mining that meets high ESG standards should be 
included in the list of sectors in finance taxonomies  
that qualify for ‘sustainable finance’ and ‘climate 
finance’. 

	z Reforms should be made to the financial system, 
governance and regulation to ensure more capital 
flows to mineral exploration and to mining for the clean 
energy transition, while ensuring the implementation of 
risk management and ESG investment criteria. 

	z Mining investments and financing should be tied to 
mandatory climate and nature-positive requirements, 
subject to stringent audit requirements. Mining should 
not take place in protected areas.

	z Investors’ financial portfolios with climate and 
biodiversity goals should be assessed and monitored 
for their alignment with defined and disclosed 
pathways to companies’ climate and nature 
alignment with climate and biodiversity goals. 

	z Companies with transition plans that have robust 
validation should be able to receive sustainable and 
climate finance.

	z Financial institutions should enhance their capacity to 
recognise and finance mining to high ESG standards. 

	z Fiscal, financial and monetary policies should be used 
to support responsible mining and infrastructure and 
for the more circular use of metals in society. 

	z The mining industry should implement a global 
0.1 per cent ad valorem levy on all companies as a 
contribution to a Mining Sustainable Development 
Fund. 

v. Consider establishing international 
institutions

 

Key message

International collaboration and 
potentially new international, multilateral 
institutions have an important role in 
facilitating the responsible supply of 
energy transition minerals. 

	z Consider establishing an international minerals and 
metals agency to provide oversight and information 
about the state of and outlook for the world’s non-
energy mineral resources and markets, and provide 
support to capacity building and institutional 
strengthening, especially in developing countries.

	z Encourage the central banks Network for Greening 
the Financial System (NGFS) to undertake systematic 
monitoring of macro-economic risks to the financial 
sector emanating from commodity markets, through 
a Global Commodity Price Observatory, eventually 
in collaboration with an international minerals and 
metals agency when it is created.

	z Consider establishing an international framework 
for managing environmental and social risks and 
improving access to formal sources of finance in the 
artisanal and small-scale mining (ASM) sector. 

	z Governments, mining companies and NGOs should 
collaborate to establish a global database for mine 
tailings facilities, and the potential availability of minor 
(or companion) metals, eventually to be managed by 
the international minerals and metals agency. 

	z In due course, consider establishing a United Nations 
Convention on Sustainable Resources, to encourage 
the sustainable production and consumption of 
resources, including resource efficiency and moves 
towards a circular economy.
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I.1 INTRODUCTION

The low-carbon energy transition – the transition of 
energy production away from fossil fuels – will require a 
huge increase in the production of the subset of the non-
energy minerals (where energy minerals include fossil 
fuel minerals and uranium) that are required for the low-
carbon energy technologies needed for the low-carbon 
energy transition. In this report, this subset of non-energy 
minerals is called energy transition minerals, or just 
transition minerals.

Many of the same minerals are also required for the 
digital revolution, but the quantities are considerably 
lower than for the energy transition. The minerals 
required for the digital revolution are not included in the 
scope of this assessment report, but the demand for 
them will obviously increase the overall demand for those 
transition minerals required for digital technologies. 

This report is focused particularly on the financing 
required for the extraction of transition minerals and 
metals, and on how the financial sector can encourage 
mining to contribute more systematically to global 
sustainability and the sustainable development of 
resource-rich countries, as well as the low-carbon energy 
transition around the world.

Any failure of the minerals and metals industry to 
deliver the required quantities and qualities of transition 
minerals in a timely manner could derail the low-carbon 
energy transition. This could make it impossible to reach 
the climate objectives set out in the Paris Agreement of 
the 2015 United Nations Climate Change Conference 
(COP 21) to hold “the increase in the global average 
temperature to well below 2°C above pre-industrial levels 
and pursuing efforts to limit the temperature increase to 
1.5°C above pre-industrial levels”. The more ambitious 
climate change policy targets are, the more intensive 
the demand for a range of minerals and metals will be 
(International Energy Agency [IEA] 2023).

The minerals for the low-carbon energy transition 
are therefore an essential element of sustainable 
development, which also requires these minerals to be 
supplied in a way that is itself consistent with sustainable 
development. The Mineral Resource Governance in the 
21st Century report of the International Resource Panel 
(IRP) (2020) made clear that this is very often not the case 
with the mining and production of minerals generally.

The annual global extraction of materials grew from 31 
billion metric tons in 1970 to 107 billion metric tons in 
2024, following an annual average growth rate of 2 per 
cent. The tonnage of metals and minerals extracted 
thus grew more than threefold between 1970 and 2024. 
Judging by current trends, it will increase by a further 
60 per cent by 2060 (United Nations Environment 
Programme [UNEP] 2024), mainly as a result of the 
demand drivers outlined in IRP (2020): demographic 
growth, the development of the global middle-class 
and urbanization. For some transition minerals, the 
future growth in demand is much higher, as seen below 
(Figure I.9). 

The Mineral Resource Governance in the 21st Century 
report sought to show “how the exploitation of [mineral] 
resources can contribute to achieving the SDGs 
[Sustainable Development Goals]”. It noted: “This will 
require the capture of a fair share of mineral resource 
rents, equitable distribution and sensible investment of the 
rents, as well as a mitigation of the negative impacts of 
mining activities. … Translating mineral wealth into lasting 
economic gains will further require a broad range of 
policies that transform extraction from an enclave industry 
and link it to the broader economy through local content 
and value addition. … Mineral resource revenues should 
be leveraged to implement sustainable development 
projects – through stimulating economic diversification, 
careful investment in physical and social infrastructure 
and provision of public goods, while also addressing the 
externalities of mineral resource extraction (economic, 
social and environmental damage)” (p. 229). In the report, 
a sustainable development licence to operate for the 
mining and metals industry was envisaged to constitute 
such an approach.

The minerals and metals industry already delivers 
multiple major positive contributions to the United 
Nations Sustainable Development Goals (Columbia 
Center on Sustainable Investment et al. 2016; 
International Council on Mining and Metals 2016; 
International Resource Panel [IRP] 2020). Historically and 
today, the production of minerals and metals has been a 
major driver of the development of civilizations, enabling 
many of the products and services on which human life 
depends. It has made it possible to transform natural 
capital into other forms of capital, such as buildings, 
infrastructure, energy production and distribution, water 
supply and sanitation, and fertilizers. 
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Both the global low-carbon energy transition and human 
well-being in general are more dependent than ever on 
the multiple products and services made possible by 
the properties of minerals and the natural elements that 
are extracted from minerals, mainly metals, and their 
huge range of derivatives, such as alloys or chemical 
compounds. 

Between 1950 and 2021, the world population grew by 
218 per cent (an additional5.4 billion persons) (United 
Nations Department of Economic and Social Affairs 
[UNDESA] 2022), and lifestyles simultaneously involved 
a much more intensive use of metals and minerals. 
As a result, the world average per capita production of 
cement, aluminium and steel grew by 3,000 per cent, 
over 4,000 per cent and over 1,100 per cent respectively 
over that period (Kelly and Matos 2023). 

This very rapidly rising global intensity in per capita 
minerals and metals is very unequally distributed across 
the world. According to the estimates for aluminium, 
copper, iron, lead, stainless steel and zinc published by 
IRP (2010), per capital metal intensities in more developed 
countries are 5 to 10 times higher than in less developed 
countries, with implications for huge increases in demand, 
if poorer countries were to reach higher development 
levels with similar patterns of resource use (IRP 2020). 

This rapid intensification of the use of minerals and 
metals has had increasing negative environmental and 
social impacts that were all too frequently ignored in the 
past as the land available for mining was more abundant 
and the impacts were less severe than at present. These 
environmental and social issues present formidable 
challenges for humanity’s future, including in relation to 
the internationally agreed efforts to transition the global 
economy to net-zero carbon emissions by or shortly after 
the middle of the century. IRP has consistently stressed 
that both resource use and environmental impacts must 
be decoupled from economic growth, especially but 
not only in more developed countries, through resource 
efficiency, management and reduction of demand, 
and moves towards a circular economy. These issues 
are emphasized in the 2023 think piece on energy 
transition minerals produced by the IRP Co-Chairs (IRP 
2023). Addressing these issues urgently calls for well-
coordinated international efforts by all stakeholders.

1	 Mining, Minerals and Sustainable Development Project: https://www.iied.org/mining-minerals-sustainable-development-mmsd.

Concerns about the social and environmental issues 
related to mining are not new. They were raised 20 
years ago by the Mining, Minerals and Sustainable 
Development Project,1 possibly the largest analysis ever 
conducted of the complex linkages between any sector 
of the economy and sustainable development, involving 
about 5,000 stakeholders over 2 years, which produced 
a final report entitled Breaking New Ground (Mining, 
Minerals and Sustainable Development Project 2002).

Two recent publications (Danielson 2022; Responsible 
Mining Foundation 2022) looked at the developments 
that had taken place over the 20 years since the Mining, 
Minerals and Sustainable Development Project and 
concluded that there was still much to be done.

The Closing the Gaps report of the Responsible Mining 
Foundation concludes: “Some progress has been seen 
on a number of issues since the MMSD [Mining, Minerals 
and Sustainable Development] initiative 20 years ago, yet 
expectations of voluntary action from the wider mining 
industry have repeatedly proved disappointing. Where 
there is progress, it is evident that change is happening 
very slowly and companies leading their peers on ESG 
[environmental, social and governance] issues are still 
far from meeting society’s expectations. With emerging 
environmental and socioeconomic issues (such as 
circular materials management and just transition) still 
off the radar of most companies, the industry worldwide 
could be said to be defensively losing ground rather than 
innovatively progressing on ESG management and harm 
prevention.” (Responsible Mining Foundation, 2022, p.45) 
Danielson, the former Director of the Mining, Minerals 
and Sustainable Development project, elaborates on the 
report of the Responsible Mining Foundation, stating: 
“The ESG performance of big mining companies is 
extremely important. But for the sector to maximize its 
contribution to sustainable development, many other 
actors need to be effective in performing their roles in the 
minerals sector. RMF’s [Responsible Mining Foundation] 
Closing the Gaps report usefully reflects on the inherent 
tensions and challenges faced by the key actors involved. 
Foremost among those with influence on the sector are 
governments. In a number of cases, these governments 
are highly dependent upon mineral revenues to support 
development efforts. But they may in poor countries 
have very limited capacity to deal with the complex  
issues of managing the industry. The interests of 
these governments may or may not coincide with the 
interests of communities in regions where mining is 
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important. There is a history of tension between national 
governments and mining communities over a variety of 
issues, perhaps most prominently the question of what 
part of the revenues is spent locally, and what part goes 
into national coffers. Other important players are the 
many and varied NGOs [non-governmental organizations] 
that play roles from supporting local development efforts 

to being watchdogs of environmental performance. 
Finally, there is a long list of international standards and 
certification systems that promulgate standards and 
assess or validate compliance with them.” (Danielson, 
2022, p.4 [pdf version]).

This report will cover all these issues.

I.2 SETTING THE SCENE

As already noted, the low-carbon energy transition is 
extremely dependent on a massive increase in the world 
production of minerals and metals needed for low-
carbon technologies, particularly copper, cobalt, graphite, 
lithium, nickel and rare earth elements (Watari et al. 2018 
and 2020; Hund et al. 2020; International Energy Agency 
2021; International Energy Agency 2023; Marscheider-
Weidemann et al. 2021, Christmann et al. 2022). These 
are the main minerals and metals required for the low-
carbon energy transition. They are the energy transition 
minerals, henceforth for brevity called transition minerals 
in this report. Some of the key issues that will be 
explored in more detail in this report are introduced here.

I.2.1 Geological availability

As noted above, the production of transition minerals for 
low-carbon energy technologies will need to be scaled up 
dramatically if these technologies are to replace carbon-
based fossil fuels over the next three decades. One 
issue that arises in this respect is the future geological 
availability of these minerals and the possibility of 
discovering and putting enough new mineral deposits 
into production in a timely manner. 

Figure I.1 plots the expected availability of selected 
elements (essentially the global reserves/production 
ratio), using the current levels of demand and knowledge 
about their occurrence in the Earth’s crust. Subsequent 
chapters will provide estimates of the possible growth 
in demand for selected minerals, in order to assess this 
aspect of the sustainability of their supply. It can be seen 
that none of the minerals has an expected availability 
of less than 10 years, and very few of them have an 
expected availability of less than 20 years. Given that 
there are still huge areas of the Earth’s land that are still 

relatively unexplored, and that the recycling of some of 
these minerals is still at a very low level (UNEP 2011), it 
is very likely that these expected availabilities will extend 
further into the future as the minerals become required. 
This has occurred in the past and may not even require 
exploration of the oceans, which are known to be rich in 
mineral deposits in some parts.

This does not mean that there will be no bottlenecks 
in the supply of these minerals in the future. As will 
be made clear in later chapters, there are a number of 
reasons why demand for these minerals may not be met 
in a timely manner, but geological availability, based on 
this picture, is unlikely to be one of them. 

BJP7images © Shutterstock
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Figure I.1: Expected availability of elements (in years) versus their abundance in the Earth’s crust (parts per 
million - ppm), not considering recycling

Source: Zanoletti et al. (2021, p. 2)

I.2.2 Low-carbon energy technologies

In 2021 and 2023, the International Energy Agency 
produced reports on the materials that would be needed 
for different low-carbon energy technologies. Figure I.2, 
from the 2021 report, shows that copper is required for all 
the technologies of power generation and transport listed. 
Lithium is important for the batteries of electric cars, as is 
nickel, which is also used in a number of power generation 
technologies. Manganese is needed for both kinds of 
vehicles and for wind turbines. Cobalt and graphite are 
currently important for batteries for electric cars, while 
zinc is needed for wind turbine masts (for steel protection 
through galvanization). Rare earth elements are found in 
the magnets of synchronous offshore wind turbines and 
chromium is essential to stainless steel used for metallic 
structures or tubing. Low-carbon energy options (electric 
vehicles, wind and solar power) have considerably higher 
demands for these minerals, per vehicle or per MW of 
power generation capacity, than the technologies they are 
seeking to replace, as shown in figure I.2.

Freedom_wanted © Shutterstock
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Figure I.2: Important minerals (excluding steel and aluminium) for some low-carbon energy technologies
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Source: International Energy Agency (2021, p. 6).

2	 A brief description of the five scenarios may be found at https://unece.org/fileadmin/DAM/energy/se/pdfs/CSE/PATHWAYS/2019/ws_
Consult_14_15.May.2019/supp_doc/SSP2_Overview.pdf. The three scenarios shown in table I.1 are the most relevant for the purposes of this report.

Figure I.3, from the same source, extends the list of both 
the technologies and minerals considered. It can be seen 
that nickel and the platinum group metals are important 
for hydrogen production; rare earth elements also have a 
role in hydrogen, as well as in wind turbines and batteries. 
Zinc is of high importance for wind turbines and is 
moderately important for hydropower, concentrated solar 
power and bioenergy. Aluminium is important across a 
wide range of the technologies shown, as well as having 
many other uses not shown here.

The French Central Bank (Banque de France) produced a 
study in January 2023 estimating the growth in the use 
of nine low-carbon technology materials (copper, lithium, 
nickel, graphite, cobalt, manganese, molybdenum, rare 
earth elements and vanadium) implied by the Net Zero by 
2050 scenario of the Network for Greening the Financial 
System (a network of central banks seeking to promote 
decarbonization). They found that the output of these 
metals would need to grow by a factor of seven between 
2021 and 2040, from 4.7 Mt to 32.8 Mt (Miller et al. 

2023, figure 1, p. iii). The principal driver of this growth is 
copper, which increases from approximately 4 Mt in 2021 
to over 15 Mt in 2040.

To the minerals mentioned above, table I.1 adds minerals 
related to fuel cells, namely scandium and platinum; 
gallium, indium, cadmium, tellurium and selenium are 
currently important elements for photovoltaic cells. 
Table I.1 also compares the ratios of demand for 
these minerals for the technologies shown in 2018 
and those projected for 2040, alongside the total 2018 
production level of these minerals. Three scenarios, with 
different levels of decarbonization and therefore low-
carbon energy technology deployment, are compared.2 
Taking lithium as an example, batteries and airframes 
accounted for only 10 per cent of lithium production in 
2018, but these demands alone are expected to rise in 
2040 to 590 per cent of the 2018 production level in the 
most ambitious sustainability scenario. This means that 
lithium demand for these two technologies is expected 
to grow by a factor of nearly 60 between 2018 and 2040.
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Figure I.3: Minerals for different low-carbon energy technologies
Critical mineral needs for clean energy technologies  

 Copper  Cobalt  Nickel  Lithium  REEs  Chromium Zinc  PGMs  Aluminium*  
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EVs and battery 
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Hydrogen           

Solar PV

High Moderate Low

Note: Shading of the dots indicates the relative importance of a mineral for that technology. REEs = rare earth elements; PGM = platinum group 
metals; Solar PV = solar photovoltaic; CSP = concentrating solar power; EVs = electric vehicles 

* Aluminium use for electricity networks only.

Source: International Energy Agency (2021, p. 45).
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Table I.1: Global raw material demand estimates in 2040 for three scenarios, as a ratio of production in 2018, 
for a number of innovative technologies related to the energy transition 

Raw material 
Demand 2018 
/ Production 

2018 (Per cent) 

Demand 2040 / Production 2018 

Emerging technologies with high demand SSP1 
Sustainability 

(Per cent)

SSP2 
Middle  

Path (Per cent) 

SSP5 
Fossil Path 
(Per cent) 

Ruthenium 40 240 590 1,900 Data centres, superalloys, synthetic fuels 

Scandium 50 790 370 70 SOFC – solid oxide fuel cell, water electrolysis 

Heavy rare 
earth elements 

60 550 690 640 Electrical traction engines for motor vehicles, wind turbines 

Lithium 10 590 400 90 Lithium-ion high-performance electricity storage, solid-state 
batteries, alloys for airframe lightweight construction 

Iridium 0 500 290 30 Water electrolysis 

Platinum 0 30 120 430 Data centres 

Cobalt 40 390 290 120 Super alloys, lithium-ion high-performance electricity 
storage, solid-state batteries 

Light rare 
earth elements 

30  220  200 220 Electrical traction engines for motor vehicles, wind turbines, 
high-performance permanent magnets, data centres 

Tantalum 70 140 140 210 Super alloys, microelectronic capacitors, radio frequency 
microchips, data centres 

Germanium 40 170 170 190 Fiber optic cable 

Lanthanum 0 110 30 3 Solid-state batteries, water electrolysis, SOFC – solid oxide 
fuel cell 

Vanadium 0 70 80 70 CCS – Carbon capture and storage, redox flow batteries 

Rhenium 10 60 50 70 Superalloys 

Titanium 30 60 60 70 Alloys for airframe lightweight construction, superalloys, 
solid-state batteries, additive manufacturing of metal 
components (“3D printers”), water electrolysis, seawater 
desalination 

Yttrium 0 60 30 20 Automatic piloting of road vehicles, water electrolysis, solid 
oxide fuel cells

Graphite 0 90 80 20 Lithium-ion high-performance electricity storage 

Indium 30 50 40 40 Indium tin oxide in display technology, optoelectronics/
photonics, thin-film photovoltaics 

Copper 20 20 30 40 Power grid expansion, electrical traction engines for 
motor vehicles, wind turbines, solid-state batteries, water 
electrolysis 

Gallium 10 20 20 20 Radio frequency microchips, thin-film photovoltaics 

Note on the scenarios: The three scenarios are among those developed by the International Institute for Applied Systems Analysis. For further 
details about these scenarios, please see the SSP online database, version 2.0 (https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=10, 
accessed 15 April 2023).

Source: Modified from Marscheider-Weidemann et al. (2021) 

Geologically it may be possible to supply these minerals 
at this scale, as noted previously in this section. It seems 
much less likely that there will be sufficient investment 
to extract and refine them on a timescale consistent with 
the reductions to greenhouse gas emissions envisaged 
in the Paris Agreement. The speed of the transition 
required to meet the goals in the Paris Agreement 
emphasizes the importance of reducing the demands 
for these metals wherever possible (e.g. by moving 
towards smaller vehicles and promoting public transport 

and active travel in cities so that there is much reduced 
vehicle ownership in urban areas), and by adopting 
various circular economy-based approaches, together 
with providing appropriate infrastructure, in advance of 
the first generation of low-carbon energy technologies 
coming to the end of their lives. For these transition 
minerals, as well as more generally, there is an urgent 
need to decouple material use from economic growth 
through measures to promote a circular economy, as 
discussed further below.
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I.2.3 Definitions of criticality

In several of the world’s most economically important 
jurisdictions, many of the metals and minerals in table I.1 
are classed as critical, a term used for those elements 
that are both of high economic importance to the 
country or region concerned, and where the supply chain 
is perceived as vulnerable or fragile for geological or 
geopolitical reasons. Different countries thus have very 
different perceptions of criticality. For example, in Africa 
and South America, from which many of these minerals 
are sourced, they are more likely to be classified as 
strategic than critical.

Criticality assessments have tended to be focused on 
geopolitical supply risks and economic importance, 
but there is a case for also including the environmental 
dangers associated with accessing materials required 
for the energy transition. This environmental dimension 
is often not considered in country- or bloc-level criticality 
indexes. Yan et al. (2021) provide an example as to 
how a criticality assessment using a three-dimensional 
framework (geopolitical supply, economic importance, 
environmental risk) may be carried out. 

Table I.2 sets out the most recent official determinations 
of criticality for the European Union, the United States 
of America and China, together with the academic 
assessment for the United States of America carried out 
by Graedel et al. (2015). It can be seen that the criticality 

3	 This possibility is described in the following sources: https://ses.ai/, https://www.saurenergy.com/solar-energy-blog/ses-bets-on-li-metal-
batteries-for-ev-future, https://www.quantumscape.com/; https://www.cnbc.com/2022/12/20/quantumscape-starts-shipping-ev-battery-
prototypes.html

assessments vary markedly. For the European Union, 
which has the least availability of these minerals on its 
territory, many more metals and minerals are currently 
perceived as critical than in China and the United States 
of America.

However, it should be recognized that the technologies 
that use these critical materials are all the subject 
of intense global research, and their current material 
demands may therefore change dramatically over a 
relatively short period (e.g. five years). For example, if 
lithium were to replace graphite in the anodes of electric 
vehicle batteries,3 graphite would suddenly cease to 
be a critical material in the European Union, where it is 
currently classed as such. 

Perceptions of criticality can also change. While the 
Chinese lists from 2013 to 2021 remained relatively 
stable, the number of critical minerals in the United 
States of America between 2015 and 2022 jumped from 
2 to 25. Criticality is therefore a highly dynamic concept, 
the perceptions of which need to be regularly updated.

To these national and regional criticality assessments 
could usefully be added a global assessment of 
geological and geopolitical supply risks, economic 
importance and environmental dangers associated with 
accessing materials required for the energy transition 
in order to inform financiers and policymakers. A global 
scale analysis of the environmental dimension could be 
conducted using three dimensional frameworks, such as 
the one developed by Yan et al. (2021), mentioned earlier.

BJP7images © Shutterstock
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Table I.2: Comparative view of the European Union, the United States of America and Chinese criticality indexes 
for materials used in low-carbon energy industries

Material

European 
Union 2023 

index* 
(European 

Commission 
2023)

European 
Union 2020 

index* 
(European 

Commission 
2020)

United 
States 2022 

index** 
(Nassar 

and Fortier 
2021)

United 
States 

2015 index 
(Graedel, et 

al. 2015)

United States 2011 index 
(United States Department 

of Energy 2011)

China 
2021 

index*** 
(Yan et al. 

2021)

China 
2019 

index* 
(Zhou et 
al. 2019)

China 
2013 

index* 
(Yang et 
al. 2013)

Short term 
(2015)

Long term 
(2025)

Aluminium
(Bauxite) Critical Critical Critical Non-critical Non-critical Non-critical

Boron Critical Critical Critical
Near-

critical 
(SR)

Near-
critical 
(SR)

Cadmium Near-critical 
(EI)

Near-critical 
(EI) Non-critical Non-critical Non-critical Near-

critical Critical

Cerium Critical Critical Critical Near-critical 
(LCET) Non-critical Non-critical Non-critical Non-critical

Chromium Near-critical 
(EI)

Near-critical 
(EI) Critical Critical Critical Critical

Cobalt Critical Critical Critical Non-critical Non-critical Non-critical Critical Critical Critical

Copper Critical **** 
(EI)

Near-critical 
(EI) Non-critical Non-critical Non-critical Non-critical

Near-
critical 
(SR)

Dysprosium Critical Critical Critical Critical Critical Non-critical Non-critical Non-critical

Europium Critical Critical Critical Critical Critical Non-critical Non-critical Non-critical

Gallium Critical Critical Critical Non-critical Non-critical Non-critical Near-
critical Non-critical

Germanium Critical Critical Critical Critical Non-critical

Graphite 
(natural) Critical Critical Critical Non-critical Non-critical

Indium Non-critical Critical Critical Critical Near-critical 
(SR) Non-critical Non-critical Non-critical

Iron Near-critical 
(EI)

Near-critical 
(EI) Non-critical Non-critical Critical

Lanthanum Critical Critical Critical Near-critical 
(LCET) Non-critical Non-critical Non-critical Non-critical

Lead Near-critical 
(EI)

Near-critical 
(EI) Non-critical Non-critical Near-

critical (EI)

Lithium Critical Critical Critical Non-critical Non-critical Near-critical
Near-

critical 
(SR)

Non-critical
Near-

critical 
(SR)

Magnesium Critical Critical Critical Non-critical Near-
critical Non-critical

Manganese Critical Critical Critical Non-critical Non-critical Non-critical Non-critical Near-
critical Critical

Molybdenum Near-critical 
(EI)

Near-critical 
(EI) Non-critical Non-critical Near-

critical (EI) Non-critical Near-
critical (EI)
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Material

European 
Union 2023 

index* 
(European 

Commission 
2023)

European 
Union 2020 

index* 
(European 

Commission 
2020)

United 
States 2022 

index** 
(Nassar 

and Fortier 
2021)

United 
States 

2015 index 
(Graedel, et 

al. 2015)

United States 2011 index 
(United States Department 

of Energy 2011)

China 
2021 

index*** 
(Yan et al. 

2021)

China 
2019 

index* 
(Zhou et 
al. 2019)

China 
2013 

index* 
(Yang et 
al. 2013)

Short term 
(2015)

Long term 
(2025)

Neodymium Critical Critical Critical Critical Critical Non-critical Non-critical Non-critical

Nickel Critical **** 
(EI)

Near-critical 
(EI) Critical Non-critical Non-critical Non-critical Near-

critical (EI) Critical Critical

Praseodymium Critical Critical Critical Non-critical Non-critical Non-critical Non-critical Non-critical

Samarium Critical Critical Critical Non-critical Non-critical Non-critical Non-critical Non-critical

Selenium Near-critical 
(EI)

Near-critical 
(EI) Non-critical Non-critical Critical Near-

critical

Near-
critical 
(SR)

Silicon Critical Critical Non-critical Non-
critical

Silver Near-critical 
(EI)

Near-critical 
(EI) Non-critical Critical Non-

critical
Near-

critical

Tellurium Near-critical 
(EI)

Near-critical 
(EI) Critical Non or near-

critical
Near-critical 

(LCET)
Near-critical 

(LCET)
Non-

critical
Non-

critical Critical

Terbium Critical Critical Critical Critical Critical

Tin Near-critical 
(EI)

Near-critical 
(EI) Critical

Near-
critical 

(EI)
Critical Critical

Titanium Critical***** Critical Critical Non-
critical

Non-
critical

Yttrium Critical Critical Critical Critical Critical Non-
critical

Non-
critical

Non-
critical

Zirconium Near-critical 
(EI)

Near-critical 
(EI) Critical Non-

critical
Near-

critical
Non-

critical

Note: EI = Near critical owing to economic importance. SR = Near critical owing to supply risks associated with the raw material. LCET = 
Importance to low carbon energy technologies.

* These European Union and Chinese indexes do not distinguish near-critical and non-critical materials. Near-critical materials are described 
by the United States Department of Energy (2011) as those that either have economic importance or carry supply risks beyond the established 
thresholds. Zhou et al. (2019) refer to near criticality as “moderate” and “non-critical” materials were referred to as “low critical”. Yang et al. (2013) 
use the term “potentially critical” for near-critical materials. For the sake of integrity of the table, these differences in terms have been eliminated.

** The United States 2022 index lists mineral commodities critical to the United States economy but considers qualitative aspects and disruption 
potential in addition to supply risks and economic importance. See the relevant United States Geological Survey publication (Nassar and Fortier 
2021) for more information on the methodology.

*** Only the two-dimensional index, i.e. supply risk and economic importance, of Yan et al. (2021) was used. See also Yan et al. (2021) for the 
three-dimensional index involving environmental risks.

**** Copper and nickel are included in the 2023 Critical Raw Materials report of the European Union as ‘strategic raw materials’ despite being 
associated with low supply risks.

***** Titanium is distinguished as titanium (near-critical owing to economic importance) and titanium metal (critical) in the 2023 criticality list of 
the European Union.

Source: European Commission (2020); European Commission (2023); United States Department of Energy (2011); Graedel et al. (2015); Nassar 
and Fortier (2021); Yang et al. (2013); Zhou et al. (2019); Yan et al. (2021).
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I.2.4 Companion elements

Many of the minerals listed in the tables above are not 
produced as the primary product of extraction and 
processing, but as by-products or co-products, grouped 
together as companion elements. Figure I.4 shows the 
periodic table of elements, colour-coded to show the 
proportions of particular minerals that are produced 
as companion elements. Of the minerals most closely 
associated with the low-carbon energy technologies, as 
mentioned in the tables above, aluminium, chromium, 
molybdenum, nickel, copper, zinc and platinum are largely 
produced in their own right. However, scandium, cobalt, 
gallium, selenium, cadmium, indium, tellurium and the rare 
earth elements (lanthanides) have a high percentage of 
their production obtained as companion elements.

The wheel in figure I.5 shows which metals are 

companions to the principal element in the centre of 
the wheel. The elements in the centre derive 80–100 
per cent of their production as the principal element 
being sought, but may also be companion elements to 
other principal elements. Copper is therefore a principal 
element, but is also a companion element to gold, 
platinum, lead, zinc and nickel. About 40 per cent of 
cobalt is a companion to nickel production, and slightly 
less as a companion to copper, with further small 
amounts as a companion to platinum. Gallium is mainly 
produced as a companion to aluminium, but it is also 
a companion to zinc. The main rare earth elements for 
renewable technologies (praseodymium, neodymium, 
dysprosium and terbium) are mainly companions to 
iron production. It should be noted that the proportions 
in this case refer to 2008 and may change over time as 
different ores are exploited or mining or metallurgical 
processes change (Nassar et al. 2015).

Figure I.4: Periodic table with the proportion of elements obtained as companion elements

Source: Nassar, Graedel and Harper (2015, figure 1, p. 2).
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Figure I.5: Principal elements (in the centre) and their companions in 2008
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Note: The closer to the centre, the higher the proportion (from 0–100 per cent) of the production of the companion element that comes from 
the production of the principal element in that segment of the wheel. The proportions of elements in the outer ring are undetermined.

Source: Nassar, Graedel and Harper (2015, figure 2, p. 3).

This dependency of the production of some minerals on 
the production of a principal mineral can be problematic 
because the companion metal will only be produced if 
the economics of its production are profitable. Where 
prices for the companion metal are low, it may remain in 
the waste of the principal metal’s production, which may 
be a cause for concern if either the companion metal 
is toxic (e.g. cadmium) or if this results in considerable 
potential production of critical minerals being foregone. 
Nassar et al. (2015, p.7) find that “recovery efficiencies 

for some companion metals can be as low as 10%.” 
Moreover, the financial dependence of companion 
metals on that of their principal metals means that the 
response of their production to increased demand, or 
an increase in their price, can be very slow or even zero. 
This is because increased production of the companion 
metal will inevitably result in increased production of the 
principal metal, which may then result in an over-supply 
of it, depressing its price and affecting the economic 
viability of the whole process.
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I.2.5 Concentration of production and 
processing

Another important consideration for the availability of 
materials for the low-carbon energy transition is the 
concentration of their extraction and processing in 
different countries, and the ownership of producers of 
the patents and technologies necessary for production. 
Ownership structures are not well documented and can 
be very opaque or impossible to identify in the case of 
holdings and companies controlled by private equity. 

4	 ‘Processing’ as used here refers to the metallurgical process needed to extract metals from their ore.

Ownership of patents is easier to identify but identifying 
which ones are of major importance is a difficult task. 
These issues are beyond the scope of this study.

Figure I.6, taken from the 2023 European Union Critical 
Raw Materials study, shows the countries that produce 
the highest proportions of selected materials either at 
the mining or the metallurgical stage (referred to as 
‘processing’4 in figure I.6). The major role played by China 
in the supply of many of these materials, with many of 
them at above 50 per cent of global supply, and rare 
earth elements at 86 per cent, is striking.

Figure I.6: Countries which produce the highest proportion of selected materials

Main global supplier Material Stage [1] Share Main global supplier Material Stage [1] Share

China

Aluminium P 56%

South Africa

Iridium P 93%

Antimony E 56% Manganese E 29%

Arsenic P 44% Palladium P 36%

Baryte E 44% Platinum P 71%

Bismuth P 70% Rhodium P 81%

Cobalt P 60% Ruthenium P 94%

Coking coal E 53% United States 
of America

Beryllium E 67%

Copper E 38% Helium P 56%

Fluorspar E 56% Democratic Republic 
of the Congo

Cobalt E 63%

Gallium P 94% Tantalum E 35%

Germanium P 83%
Türkiye

Borate E 48%

Magnesium P 91% Feldspar E 32%

Manganese P 58%
Australia

Aluminium E 28%

Natural graphite E 67% Lithium P 53%

Nickel P 33% Brazil Niobium P 92%

Phosphate rock E 44% France Hafnium P 49%

Phosphorus P 79% Russian Federation Palladium P 40%

Scandium P 67% Iran Strontium E 37%

Silicon metal P 76% Spain Strontium E 31%

Titanium P 43% Chile Copper E 28%

Tungsten P 86%

Vanadium E 62%

LREEs P 85%

HREEs P 100%

Stage: E = Extraction stage  P = Processing stage

Source: European Commission (2023).

15

INTRODUCTION: Supplying energy transition minerals for sustainable development



The prominence of China is even more pronounced when 
it comes to the processing of extracted ores, as seen 
in figure I.7, which shows the shares of extraction and 
processing in the countries that are major producers of 
some of the minerals of greatest interest for the low-
carbon energy transition (as well as for fossil fuels). 
China is among the top three extractors of copper, lithium 
and rare earth elements, but it is the top processor for all 
of them, with more than 50 per cent of global processing 
of cobalt, lithium and rare earth elements. Since 2019, 
the share of the top three countries in extraction and/or 
processing has grown for nickel, cobalt, lithium and rare 

earth elements. The metal production sector of China is 
explored in more detail in Chapter 1.

Figure I.8 shows that the 2020 value from non-energy 
minerals and metals production, including cement 
production, is similarly concentrated in relatively few 
countries, with the 20 countries shown representing 
82 per cent of the global production value of these 
commodities. Nine of these countries are upper-middle 
income countries and four are high-income countries. 
The only low-income country in this list is the Democratic 
Republic of the Congo.

Figure I.7: Share of the top three producing countries in total production for selected resources and minerals, 2022

i.7

DRC

DRC

Indonesia

Indonesia

China

China

USA

Australia Chile

Chile

Mozambique

Peru

25% 50% 75% 100%

Rare earths

Graphite

Lithium

Cobalt

Nickel

Copper

DRC

Indonesia

Philippines

China

USA

Russian Federation

Australia

Chile

Japan

Mozambique

Peru

Finland

Canada

Zambia

Madagascar

Malaysia

Estonia

2019 top 3 share

Extraction

China

China

China

China

China

China

Chile

Chile

Indonesia

Finland

25% 50% 75% 100%

Rare earths

Graphite

Lithium

Cobalt

Nickel

Copper

Processing
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processing is for spherical graphite for battery grade. 

Source: International Energy Agency (2023, p. 68).
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Figure I.8: Share of the 2020 production value of non-energy minerals and metals, including cement, of top 20 
producing countries, by country and income groupi.8

Upper middle-income High income Lower middle-income Low-income
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Note: Cement production and value were added to their total values, on the basis of the United States Geological Survey 2022. The cement price is 
the average price in million United States dollars for hydraulic cement published in that report.

Source: Reichl and Schatz (2022, section 6.1.8.2). United States Geological Survey (2022).

I.2.6 Growth in demand

A number of scenarios on the future demands for minerals 
needed for the low-carbon energy transition have been 
published, including by the World Bank (Hund et al. 2020), 
IRP (2020), the European Commission (Moss et al. 2013, 
Bobba et al. 2020), the International Energy Agency (2021; 
2022a; 2022b;  2022c; 2023), the International Renewable 
Energy Agency (Gielen 2021), the German Raw Materials 
Agency (Marscheider-Weidemann et al. 2021), the Finnish 
Geological Survey (Michaux 2021) and various academics, 
including Grandell (2016); Watari et al. (2018), Elshkaki 
and Shen (2019), Moreau et al. (2019), Habib et al., 2020, 
Heijilen et al. (2021), Watari et al. (2021) and Christmann et 
al. (2022).

All these publications point towards a very high demand 
in the period up to, at least, the decade between 2040 

and 2050 for the minerals and metals needed to make 
the global energy transition possible. They also point 
to the need for investment in mineral exploration and 
the development of new production sites, even taking 
developments in favour of the circular economy into 
account (as discussed in Chapter 4), such as the reuse, 
remanufacturing and recycling of products. Many of these 
reports underline the risk of forthcoming imbalances 
in supply and demand or increases in mineral and 
metal prices that could reverse the declining costs of 
photovoltaic cells, wind turbines and energy storage 
systems that have been observed over the last two 
decades. The rapidly growing demand for technologies 
that are among the key enablers of the energy transition 
is compounded by the high mineral and metal intensity of 
these technologies (tons of minerals or metals required 
per MWh of installed electrical production or tons of 
minerals and metals required for an average battery-
operated electric car as compared for a comparable car 
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using an internal combustion engine; see figure I.2). 

Figure I.9: Growth from 2023 to 2040 of selected minerals in the IEA Net Zero Emissions (NZE) scenario 
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Figure I.10: Secondary supply volumes and share (%) of total demand for six minerals from 2023 to 2040 in the 
NZE scenario
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Source: International Energy Agency (2024, p. 103)

5	 The Net Zero Emissions by 2050 (NZE) Scenario charts a pathway for the global energy sector to achieve net zero CO2 emissions by 2050 and 
limit the global temperature rise to 1.5 °C above pre-industrial levels in 2100 (with at least a 50 per cent probability) with limited overshoot. The 
NZE Scenario also meets the key energy‐related Sustainable Development Goals (SDGs) such as universal access to reliable modern energy 
services and major improvements in air quality.
6	 Chapter 1 expands on the Hirschmann Herfindahl Index in a novel way to include the concentration of consumption as well as production.

Table I.1 showed the projected growth of demand by 
2040 of many minerals important for low-carbon energy 
technologies, relative to their 2020 production, and figure 
I.9 shows the growth for six of these minerals by 2040, 
relative to their production in 2023, as projected in the 
Net Zero Emissions (NZE) Scenario of the International 
Energy Agency.5 It is projected that the production of 
lithium will need to grow by a factor of 9, graphite by a 
factor of 4, and cobalt, nickel and rare earth elements by 
around a factor of 2. Their growth in the more ambitious 
Net-Zero Emissions Scenario of the Agency would be 
higher still.

In terms of secondary production, Figure I.10 shows 
that current percentage rates of recycling of six energy 
transition key minerals are generally low (around 10% 
or less, with the exception of copper and rare earths). 
Although this is likely to grow significantly to 2040, overall 
projected rates of recycling in 2040 in the International 
Energy Agency NZE scenario remain between 10 and 30 
per cent. This emphasizes the importance of adopting 
circular economy approaches, as discussed above, over 
the full life-cycle of the products using the minerals, from 
first design through all the 9Rs (refuse, rethink, reduce, 
reuse, repair, refurbish, remanufacture, repurpose, recycle, 
recover) of Potting et al. (2017).

The information about recycling, companion metals 
and the concentration of production is brought together 
in Figure I.11. The colour of the diamonds shows 
the recycling rate, the red diamonds show the many 
minerals which that have a recycling rate of less than 
1 per cent. Moreover, more than 75 per cent of the 
production of many of these minerals is as companion 
metals. The concentration of production in a few 
countries is measured along the horizontal axis by the 
Hirschmann Herfindahl Index. The Index is calculated 
as the sum of the squares of the individual country 
production percentages. If 100 per cent of a mineral is 
produced in a single country, representing the maximum 
possible concentration, the Index is (100)2, or 10,000. If 
the production is split between two countries with 50 
per cent each, the Index is (50)2 + (50)2, which equals 
2,500 + 2,500, or 5,000.6 The higher the Index is, the 
more concentrated the production of this material is in 
relatively few countries. From this it becomes apparent 
that the rare earth elements that are more important 
for low-carbon energy technologies (praseodymium, 
neodymium, dysprosium and terbium) are exclusively 
companion metals (100 on the vertical axis), are very 
concentrated in production (a Hirschmann Herfindahl 
Index close to 10,000) and have very low recycling rates 
(<1 per cent).

Belen B Massieu © Shutterstock
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Figure I.11: The proportion of companion metal and their concentration of production, together with their 
recycling rate

Source: Nassar, Graedel and Harper (2015, figure 4, p. 5).

I.2.7 Mining and conflict

While there is widespread support for mining in many 
of the communities in which it operates because of the 
benefits it can bring to local communities, mining is 
also a major source of conflict in almost every country 
in which it takes place at scale. This especially true 
for Indigenous communities whose cultures may be 
especially negatively impacted by mining.

The Environmental Justice Atlas is a unique source of 
information about environmental conflicts resulting from 
mining and other extractive or land-use activities.

Figure I.12 shows places of conflict identified in the Atlas 
where the conflict is related to the extraction of mineral 
ores and building materials (the orange dots). The 
concentration of mining conflicts in the Andes in South 
America is particularly striking.

The scale of mining conflicts confirms that unless the 
mining industry can get widespread community consent 
for its operations in the future, including from Indigenous 
communities whose lands are often rich in minerals, 
there is very little prospect of it being able to expand to 
the extent necessary to satisfy the projected increase 
in the demand for minerals and metals, whether for the 
low-carbon energy transition or anything else. 
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Figure I.12: Map of conflicts related to the extraction of mineral ores and building materials in Latin America

Note: Orange dots indicate places of conflict owing to the extraction of mineral ores and building materials.

Source: Environmental Justice Atlas (https://ejatlas.org/category/mineral-ores-and-building-materials-extraction), © Attribution-NonCommercial-
ShareAlike 3.0 Unported (CC BY-NC-SA 3.0).
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I.3 FINANCING SUSTAINABLE MINERALS 
PRODUCTION

As noted above, the minerals and metals industry has 
played, and continues to play, a major role in support 
of human well-being, but it can also cause harm, 
sometimes centuries after the closure of production 
operations. Which outcome predominates depends not 
just on the policies of individual companies, but also 
on how governments regulate the industry and how 
it is financed. It is the financial sector, which provides 
capital to the industry, and the consumers of its products 
that enable the companies to earn a return. They have 
a crucial role to play, through the conditions they set, 
in ensuring that mining operations contribute to the 
sustainable development of minerals and metals and 
of the affected countries, throughout the whole of their 
dependent supply chains.

The Mineral Resource Governance report (IRP 2020) 
considered the implications of the sustainable 
development licence to operate for the minerals industry 
generally, especially in respect of minerals governance. 
This new report applies the insights and suggestions 
from the Mineral Resource Governance report on the 
financing of the exploration, extraction and mining, 
refining and processing, secondary production (recycling, 
etc.) of minerals, and mine closure and remediation. 
These areas are covered in more detail for what are 
here referred to as transition minerals, as defined above, 
but many of the issues raised in this report apply to 
the extraction and processing of metals in general. The 
report seeks to clarify how the revenues from the mineral 
operations are currently shared, what the environmental 
and social impacts of their extraction and processing 
are, and how current governance arrangements operate. 
It provides an evidence base for recommendations as 
to how the financial sector can contribute to winning 
these resources, which are so necessary for the low-
carbon energy transition, in a way that contributes more 
broadly to sustainable development, where they do not 
do so already. 

To make the minerals required for the low-carbon 
energy transition industrially available at the required 
quantities in a timely manner will require multi-billion 
dollar investments, as discussed in Chapter 5. For this to 
contribute to the Sustainable Development Goals more 
broadly, this investment will need to be carried out in an 
economically, socially and environmentally appropriate 
way taking account of the manifold risks involved. The 
review of business risks in the mining industry published 
by EY (2023) placed environmental, social and governance 
issues as the top of the ten major risks faced by the 
mining industry in 2024 (EY 2023). 

This report makes suggestions as to how financing 
mechanisms can support responsible mining that 
supports sustainable development, along the lines of a 
sustainable development licence to operate. The report 
looks at the financing issues for two mineral production 
lines: listed companies (large and small-medium sized, 
private and publicly owned or listed) and artisanal and 
small-scale mining. The definition of the financing 
landscape will help to increase understanding of how 
investors, shareholders and stakeholders are operating, 
and how their practices can be improved in order drive 
financial resources towards more sustainable practices.

The report is organized into several chapters. Chapter 
1 sets out the basics of mineral production and trade, 
using the Global Material Flow Database of the United 
Nations Environment Programme (UNEP), which 
currently covers the years between 1970 and 2019. 
Chapter 1 also goes into further detail about three 
crucial mineral-producing areas: China, Africa and 
South America. Chapter 2 introduces many of the 
issues that are important in relation to investment and 
investors. These include influences on the prices of 
mineral commodities, how the revenues from mining 
will be shared with different stakeholders, and how they 
will support local and national economic development 
in the host countries, again with further detail about 
China, Africa and South America. In both chapters, these 
regional treatments are discussed in relation to the most 
important mining-related issues in their areas.
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Chapter 3 is focused on the key social and environmental 
issues relevant to mining. Many of these were dealt with 
in great detail in IRP (2020), and so the Chapter provides 
a more summary treatment, with only a more extended 
discussion of mining impacts on biodiversity. Chapter 
4 explores the potential of recycling and wider circular 
economy-based approaches to contribute to the supply 
of minerals for low-carbon energy technologies. It is clear 
that these approaches are essential, but that there are 
many barriers to them, and there is no prospect of them 
completely replacing virgin supply in the foreseeable 
future.

These four chapters set the scene and context for what 
are the main investment- and finance-related chapters 
of the report. Chapter 5 discusses in detail investment 
issues across the life cycle of mineral extraction, from 
the initial geological surveys to mine closure. The sums 
of investment required across this life cycle are very 
large, and it will be a very substantial task to attract 
such investment for the low-carbon energy transition to 
take place in the timescale envisaged under the Paris 
Agreement.

Chapter 6 addresses the issues around the concept of 
sustainable finance; it is clear that there is no settled 
definition of this term, but that environmental, social 
and governance issues are at its core. For the increase 
in mining that is required, and for it to contribute to 
the sustainable development of the countries and 
local communities hosting the mines, the industry will 
need to bring about a step change in its handling of 
environmental, social and governance issues. Chapter 6 
explores how the finance sector is currently addressing 
this need and how much further it needs to go. 

Chapter 6 also indicates, on the basis of a survey 
carried out for this report, that addressing these 
environmental, social and governance issues could well 
involve extra costs; covering those costs will require 
trading arrangements that go beyond simple commodity 
markets. Notwithstanding these extra costs, the Chapter 
concludes that environmental, social and governance 
concerns will need to be given a higher priority not just by 
mining companies, but also by the investors who finance 
them, if greatly increased mining activities are to secure 
a sustainable development licence to operate.

The environmental, social and governance considerations 
as discussed in Chapter 6 are mainly of relevance to 
large-scale mining, but also important for some transition 
minerals is artisanal and small-scale mining, which is the 

subject of Chapter 7. The financing of artisanal and small-
scale mining was the subject of a separate survey for this 
report, the results of which are reported in Chapter 7. 

Chapter 8 distils the conclusions and recommendations 
of the previous chapters. It seeks to strike a balance 
between the various imperatives identified in this and 
the previous IRP report in this area: the present need 
for greatly increased investment in transition minerals; 
the need for improved performance in both mining 
and finance across all the environmental, social and 
governance issues discussed at length both in this 
report and in IRP 2020, with the recognition that such 
improvement takes time; and the overriding need for 
mining to contribute to the sustainable development of 
the countries in which it is carried out, as well as the well-
being and prosperity of local communities affected.

Failure in respect of any one of these imperatives could 
prevent mining from taking place at the required scale 
and act as a major roadblock to the delivery of the 
low-carbon energy that the world will need to meet the 
objectives and targets of the Paris Agreement.

I.4 CONCLUSIONS 
OF THE CHAPTER

The world needs a significant increase in the mining of 
the transition minerals required to underpin the low-
carbon energy transition. The great majority of these 
minerals are geologically available. However, the appetite 
for these minerals, often in the world’s richest and most 
developed countries, needs to be moderated by a clear 
recognition of the social and environmental limits to their 
extraction. This will require strong incentives in importing 
economies to limit their demand for these resources by 
economizing on their use and adopting radical circular 
economy approaches. Without such measures, and 
a commitment to obtain a sustainable development 
licence to operate in the countries and communities that 
host the mines, the mining industry will not succeed in 
building the trust that will be necessary for transition 
minerals to be produced at scale. This is especially true 
in respect of the need for the industry to acknowledge 
and respect the rights of Indigenous communities, on 
whose territories much of the mining is already taking 
place and is likely to take place in the future. 

23

INTRODUCTION: Supplying energy transition minerals for sustainable development



PART 1:
MINERALS AND METALS TODAY



CHAPTER 1

MINERAL COMMODITY PRODUCTION 
AND TRADE, WITH A FOCUS ON 
SELECTED MINERALS AND ON CHINA, 
AFRICA AND SOUTH AMERICA

Minakryn Ruslan © Shutterstock
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1.1 INTRODUCTION

The use of materials since 1970 has risen dramatically 
in line with the increases in human population and 
economic activity. The largest constituent part of that 
growth has been from non-metallic minerals, mainly for 
construction applications, but the quantity of metal ores 
used has also increased markedly.

An increasing variety of these metals is being extracted 
to fulfil different technological needs. The dominant 
country in the extraction and processing of metals is 
currently China, but Australia, Africa and South America 
are also important regions with significant mineral 
reserves.

A substantial proportion of these metal ores are traded, 
which can lead to supply chain dependency among either 
importers, who need the metals for their own economic 
activity, or exporters, who rely on the revenues from their 
exports.

This chapter explores these issues quantitatively.

1.2 THE ROLE OF METALS IN THE GLOBAL 
EXTRACTION OF RAW MATERIALS

Between 1970 and 2024, the annual global extraction of 
raw materials increased by a factor of three and a half 
from 31 billion metric tons to 107 billion metric tons (figure 
1.1), amounting to an annual average increase of 2.3 per 
cent. However, in the period from 2000 to 2012, the growth 
rate was 3.5 per cent as major emerging economies, 
especially China, built infrastructure (United Nations 
Environment Programme [UNEP] 2024).

Since 1970, the relative tonnage of biomass, fossil fuel 
carriers and metallic and non-metallic minerals has 
also changed. Up to the late 1980s, biomass dominated 
global raw material extraction. Since then, the use of non-
metallic minerals, mainly for construction applications, 
has surpassed biomass use. Today, non-metallic 
minerals extraction accounts for half of annual global 
raw material extraction, up from 31 per cent in 1970. 
The share of metals in total global material extraction 
grew from 9 per cent in 1970 to around 10 per cent in 
2024. In absolute numbers, this is an increase from 2.6 
billion metric tons to 10.6 billion metric tons, or an annual 
growth of 2.6 per cent in metals extraction (figure 1.2) 
(International Resource Panel [IRP] Global Material Flows 
database).

Metals therefore contribute a small proportion to global 
raw material extraction. However, as emphasized 
throughout this report, metals are essential for the 
performance of core technologies, such as renewable 
energy infrastructure, transport equipment and digital 
devices. In addition, the variety of metals used in major 
applications has continuously increased. Just a century 
ago, only four metals (iron, copper, gold and silver) were 
in wide use. Nowadays, all 62 metals and metalloids in 
the periodic system are in use (Graedel et al. 2015).

Mark Agnor © Shutterstock

27

CHAPTER 1: Mineral commodity production and trade, with a focus on selected minerals and on China, Africa and South America



Figure 1.1: Global extraction of four categories of raw materials, 1970–2024
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Source: IRP Global Material Flows database.

7	 https://www.resourcepanel.org/global-material-flows-database
8	 https://ec.europa.eu/eurostat/web/products-manuals-and-guidelines/-/ks-gq-18-006.

The massive growth in global minerals and metals 
production observed since the beginning of the 
twentieth century, and particularly after the Second 
World War (International Resource Panel [IRP] Global 
Material Flows database7, Christmann 2021), has been 
made possible by several interrelated factors:

	z The development of know-how and general 
technological progress, especially since the early 
nineteenth century (Maddison 2001), and the related 
availability of skills and of cheap long-distance 
seaborne transport for minerals and metals; 

	z The development of geological knowledge and 
underpinning data, essential to the discovery of 
economically recoverable mineral concentrations 
(Winchester 2001);

	z The availability of highly concentrated and cheap 
energy sources, so far still coming very dominantly 
from carbon-based fossil sources (82 per cent of 
the world energy production in 2021 according to BP 
(2022)), with consequent greenhouse gas emissions; 

	z The rapid development and urbanization of Asia in 
general, and of China in particular, since 2000.

The United Nations Environment Programme (UNEP) 
IRP Global Material Flows database follows the Eurostat 
guidelines for material flow accounting;8 the extraction of 
metal ores is therefore accounted for as gross ore 
(or run-of-mine, which means including sterile ore or 
tailings) and not as metal content. Because ore grades 
differ widely between different metals and mines, 
the extraction volumes displayed in figure 1.2 do not 
correspond to the extracted metals. Measured as 
extracted ore, ferrous ores far exceed the ores of all 
other metals.

Of the 10.6 billion metric tons of metal ore extracted 
globally in 2024, 20 per cent were extracted in China. 
This makes China the largest producer of metal ores, 
as discussed further below, followed by Australia 
with 14 per cent, Chile with 9 per cent, Brazil and the 
United States of America with 6 per cent. Ferrous ores 
constituted 33 per cent of globally extracted metal ores, 
while 67 per cent were non-ferrous. However, measured 
in pure metal content 2.8 billion metric tons of metals 
were mined in 2021 (United States Geological Survey 
2022), of which 2.6 billion metric tons, or 93 per cent, 
were iron ores.
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Figure 1.2: Global extraction of metal ores, 1970–2024
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Source: IRP Global Material Flows database.

The extraction of metal ores is often “disproportionately 
concentrated in some world regions or else impractical 
to exploit where present in other locations” (IRP 2020). 
Metal mines are thus distributed very unequally across 
the globe, leading to a high geographical concentration 
of production sites and high trade volumes of metals 
in different stages of processing. Australia extracts 30 
per cent of ferrous ores, followed by China with 29 per 
cent and Brazil with 12 per cent. The extraction of non-
ferrous ores is distributed differently geographically. 
Here, China is the largest extractor with 16 per cent, in 
addition to being a major extractor of ferrous ores. Chile 
is close behind with 13 per cent, followed by the United 
States of America with 9 per cent (IRP Global Material 
Flows database). In 2021, the 27 member States of the 
European Union produced about 3 per cent of the world 
production of non-fuel minerals and metals (Reichl and 
Schatz 2023). According to the same source, during 
the period 2000–2021, the production of minerals and 
metals in the wider European region declined by 31 per 
cent, in stark contrast to all other world regions where 
production increased over the same period, with the 
record growth rate being in Australia (+137 per cent).

While, as noted in the Introduction, it is true that the 
low-carbon energy transition will require a substantial 
increase in the supply of transition minerals, the whole 
purpose of the transition is that these should substitute 
fossil fuels, the mass of which currently greatly exceeds 
the total global extraction of metal ores (see figure 1.1). 

It is very likely, therefore, that the transition will result in a 
substantial decrease of total material extraction. In terms 
of environmental impact, while the extraction of transition 
minerals certainly has significant environmental impacts 
(see Chapter 3) that need to be minimized, it should be 
borne in mind that the mining and burning of coal has 
enormous adverse impacts on both the environment and 
human health (Gopinathan et al. 2023), which would be 
eliminated entirely if coal could cease to be a significant 
part of energy supply.

In 2024 the physical trade volume of metals was 2.6 
billion metric tons (IRP Global Material Flow database). 
The trade intensity of metals (measured as trade volume 
of metal ores and products of extracted metal content/
domestic extraction of ores) was 0.25 percent in 2024, 
i.e. much higher than that of any other raw material 
group displayed in figure 1.1, with the exception of 
fossil fuels that had a trade intensity of 0.27 percent. 
The geographical concentration of production sites in 
combination with high trade volumes, and increasing 
demand, e.g. to scale up renewable energy systems to 
meet the goals under the Paris Agreement on climate 
change, create complex interdependencies of individual 
countries and industries, and the risk of severe supply 
shocks, as has been seen in the coronavirus disease 
(COVID-19) pandemic in the period 2020/21 or as a 
consequence of the invasion of Ukraine by the Russian 
Federation in 2022. A more detailed look at these 
interdependencies follows at the end of this chapter.
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1.3 MINING AND METAL PRODUCTION 
IN CHINA
1.3.1 Introduction

The growth of the Chinese minerals and metals industry 
since 2000 has been of a magnitude and speed without 
precedent in human history, with huge impacts on the 
global economy and sustainable development issues. 

Its share of global production of the minerals and metals 
of which it is the world’s largest producer is shown 
in figure 1.3. Table 1.1 shows how this share and the 
tonnage of refined metal production in China have grown 
between 2000 and 2021.

Figure 1.3: Share of China’s domestic production in the global production of minerals and metals of which China 
is the world largest producer
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Note: Green bars relate to mine production and orange bars relate to metallurgical production. Cement production is shown with a blue bar, to reflect 
that it is neither a mine or a metallurgical product.

Source: 2018 data from Reichl and Schatz (2020), and the United States Geological Survey Minerals Yearbook, 2018 edition. 
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The Chinese mining industry has contributed significantly 
to the country’s rapid development over the past three 
decades. As table 1.1 shows, China stands as the leading 
global producer of a wide range of minerals and metals. 
Its demand for mineral resources surpasses domestic 
needs, as it involves exporting intermediate and final 
products to the global market. Along the mineral supply 
chain, the prominence of China is reflected in its role 
in processing extracted ores to obtain the marketable 

products needed for global downstream industrial 
applications, especially for the critical raw materials 
needed for the low-carbon energy transition (here called 
transition minerals). These products can be refined 
metals, but also chemicals (for instance, nickel sulphate, 
lithium carbonate or hydroxide needed for the production 
of the lithium batteries used in electric cars). They can 
also be intermediate products, for instance nickel pig iron 
used for nickel-based stainless steel production.

Table 1.1: Chinese production of refined metals, of which it was the largest global producer in 2020, and of 
cement in 2000 and 2020 (except for titanium metal sponge: 2003 and 2019 estimates). Growth in the production 
of China over the period compared to the rest of the world.

Metal of 
mineral Geography Mass 

produced
Productions, 

year 2000
Productions, 

year 2021
Ratio 2021/ 

2000

Proportion 
of world 

production, year 
2000 (in %)

Proportion 
of world 

production, year 
2021 (in %)

Aluminiuma

China
Metric 

kilotonnes

3,250 37,080 11.4 13% 57%

ROW 21,050 27,920 1.3 87% 43%

World 24,300 65,000 2.7

Cementa

China
Metric 

kilotonnes

597,000 2,377,000 4.0 36% 56%

ROW 1,063,000 1,833,000 1.7 64% 44%

World 1,660,000 4,210,000 2.5

Cobalta

China
Metric 

kilotonnes

1,20 90 75 3% 69%

ROW 35 40 1.1 97% 31%

World 36 130 3.6

Copper (2000 
and 2020 data)a

China
Metric 

kilotonnes

1,024 8,050 7.9 8% 38%

Row 11,906 13,050 1.1 92% 62%

World 12,930 21,100 1.6

Galliumb

China
Metric 
tonnes

47 90 1.9 22% 69%

ROW 163 40 0.2 78% 31%

World 210 130 0.6

Germaniumb

China
Metric 
tonnes

12 86 7.2 29% 90%

ROW 29 10 0.3 71% 10%

World 41 96 2.3

Goldb

China
Metric 
tonnes

180 365 2.0 7% 12%

ROW 2,390 2,685 1.1 93% 88%

World 2,570 3,050 1.2

Leada

China
Metric 

kilotonnes

998 2,800 2.8 31% 63%

ROW 2,272 1,650 0.7 69% 37%

World 3,270 4,450 1.4

Magnesiuma1

China
Metric 

kilotonnes

426 886 2.1 73% 89%

ROW 158 114 0.7 27% 11%

World 584 1,000 1.7
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Metal of 
mineral Geography Mass 

produced
Productions, 

year 2000
Productions, 

year 2021
Ratio 2021/ 

2000

Proportion 
of world 

production, year 
2000 (in %)

Proportion 
of world 

production, year 
2021 (in %)

Mercurya

China
Metric 
tonnes

 200  1 000 5.0 15% 86%

ROW  1 160  160 0.1 85% 14%

World  1 360  1 160 0.9

Seleniumb,c

China
Metric 
tonnes

 65  1 400 21.5 4% 38%

ROW  1 701  2 310 1.4 96% 62%

World  1 766  3 710 2.1

Silicon metala

China
Metric 

kilotonnes

 N/A  3 000 N/A N/A 80%

ROW  N/A  750 N/A N/A 20%

World  N/A  3 750 N/A

Steel (raw)a

China
Metric 

kilotonnes

 128 500  1 064 767 8.3 15% 57%

ROW  721 500  815 233 1.1 85% 43%

World  850 000  1 880 000 2.2

Telluriumb

China
Metric 
tonnes

 N/A  260  N/A  N/A 57%

ROW  N/A  199  N/A  N/A 43%

World  220  459 2.1

Tina

China
Metric 
tonnes

 115 000  203 000 1.8 39% 59%

ROW  183 000  141 000 0.8 61% 41%

World  298 000  344 000 1.2

Titanium 
sponged

China
Metric 
tonnes

 3 000  77 000 25.7 4% 35%

ROW  72 000  143 000 2.0 96% 65%

World  75 000  220 000 2.9

Vanadiuma

China
Metric 
tonnes

 14 000  70 200 5.0 35% 67%

ROW  26 400  34 800 1.3 65% 33%

World  40 400  105 000 2.6

Zinca2

China
Metric 

kilotonnes

 2 500  6 342 2.5 25% 47%

ROW  7 500  7 058 0.9 75% 53%

World  10 000  13 400 1.3

Note: ROW is Rest of the World

Data sources: a “United States Geological Survey  (USGS)Mineral Yearbook, annual editions 2004, 2020 and 2021, available from: 
https://www.usgs.gov/centers/national-minerals-information-center/commodity-statistics-and-information”

a1 Same source as a, but does not include United States production (data withheld)

a2 �“USGS Minerals Yearbook, 2022 edition, available from: https://www.usgs.gov/centers/national-minerals-information-center/commodity-statis-
tics-and-information. Data includes secundary production (from recycling)”

b   World Mining Data, 2004 and 2023 editions

c   British Geological Survey (2006) World Mineral Production 2000-2004

d   �(2003 and 2019 production estimates) Titanium sponge production data is from: Louvigné F. (2021).  
Etude de veille sur le marché du titane 2018 – 2020. Report  on the global Ti market 2018-2020 (in French),158 p.  
https://www.mineralinfo.fr/sites/default/files/documents/2021-10/louvigne_titane_rapport_2018-2020_edition_publique.pdf
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1.3.2 The mineral production 
and reserves of China

The share of the global production of metal-based 
marketable products of China is:

	z 68 per cent for nickel-based products (including Class 
I nickel metal (see the IRP Nickel Factsheet in the 
Annex to this report);

	z 38 per cent of refined copper metal production (table 
1.1); and

	z 59 per cent of lithium-based marketable products, 
such as lithium carbonate or hydroxide. 

In addition, 75 per cent of cobalt-based marketable 
products are refined and produced in China (International 
Energy Agency 2021; Darton Commodities 2022; 
Yeomans and Harter 2022). 

To support the growing domestic production capacity 
for metal refining and processing, China has become 
the world’s largest importer of various raw mineral 
materials in the world. Chinese companies are therefore  
expanding investments and mining activities abroad, 
with the support of the Going Out strategy of China 
(Stone et al. 2022). With mining operations spreading 
across the globe, China plays an increasingly important 
role in the global supply of the products needed for the 
energy transition.

China is rich in a great variety of mineral resources. 
By the end of 2021, a total of 173 kinds of mineral 
resources had been found in China, including 13 types 
of energy raw materials,9 59 kinds of metallic minerals, 
95 kinds of non-metallic minerals and 6 kinds of water 
and gases (China, Ministry of Natural Resources 2022). 
As shown in table 1.2, China has the world’s largest 
reserves of seven minerals: vanadium, molybdenum, 
tungsten, tin, antimony, rare earth elements and 
strontium. Among transition minerals, in addition to rare 
earth elements, China has the world’s second-largest 
natural graphite and zinc reserves, and the fourth-
largest lithium reserves.

9	 For a definition of this term, see https://inspire.ec.europa.eu/codelist/EndusePotentialValue/energyMinerals.

The proportion of Chinese reserves of each mineral in the 
world is shown in figure 1.4 (major transition minerals 
are marked in bold), where:

	z 5 of them have reserves in China accounting for 
more than 30 per cent of the global total: tungsten, 
molybdenum, vanadium, rare earth elements and 
titanium.

	z 4 of them had reserves in China accounting for 
18.8 per cent to 30 per cent of the global total: tin, 
antimony, graphite and lead.

	z 21 of them have reserves in China accounting for less 
than 18.8 per cent of the global total: zinc, magnesite, 
fluorite, coal, iron, barite, silver, lithium, natural gas, 
phosphorus, manganese, gold, bauxite, copper, 
nickel, boron, oil, magnesium, cobalt, chromium and 
zirconium.

	z only 9 of them have per capita reserves above the 
world average: tungsten, molybdenum, vanadium, 
rare earth elements, titanium, tin, antimony, graphite 
and lead.

The dominance of China in global metal resources, 
encompassing reserves, production and consumption, 
is substantial. The population of China constitutes 
roughly one-fifth of the global total (18.8 per cent). 
For the per capita metrics of China to surpass the 
global average, they must therefore exceed this 
percentage.

twabian © Shutterstock
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Table 1.2: Statistics on the major mineral reserves of China

Mineral Unit
World China Global 

ranking 
of China

Mineral Unit
World China Global 

ranking 
of China2019 2020 2019 2020 2019 2020 2019 2020

Coal
100 

million 
tons

10,696 10,741 1,416 1,432 4 Gold tons, 
metal 50,000 53,000 2,000 2,000 8

Petroleum
100 

million 
tons

2,445.8 2,444.2 35.5 35.4 13 Silver
10,000 
tons, 
metal

56 50 4.1 4.1 5

Natural gas
trillion 
cubic 

meters
198.8 188.1 6 8.8 6

Platinum 
group

tons, 
metal 69,000 69,000 - - -

Iron

100 
million 
tons, 
ore

1,700 1,800 196 200 4 Rare earth 10,000 
tons, REO 12,000 12,000 4,400 4,400 1

Manganese
10,000 
tons, 
metal

81,000 130, 000 5,400 5,400 6 Niobium
10,000 
tons, 
metal

>1,300 >1,700 - - -

Chromium
10,000 
tons, 
ore

57,000 57,000 576 576 - Tantalum tons, 
metal >90,000 >140,000 - - -

Vanadium
10,000 
tons, 
metal

2,200 2,200 950 950 1 Lithium
10,000 
tons, 
metal

1,700 2,100 100 150 4

Titanium
10,000 
tons, 
TiO2

77,000 70,000 23,000 23,000 2 Strontium
10,000 
tons, 
metal

>680 >680 - - -

Copper
10,000 
tons, 
metal

87,000 87,000 2,600 2,600 8 Zirconium 10,000 
tons, ZrO2

6,200 6,400 50 50 5

Bauxite

100 
million 
tons, 
ore

300 300 26 10 7 Rhenium tons, 
metal 2,400 2,400 - - -

Lead
10,000 
tons, 
metal

9,000 8,800 1,800 1,800 2 Graphite 10,000 
tons 300,000 320,000 72,000 70,000 2

Zinc
10,000 
tons, 
metal

25,000 25,000 4,400 4,400 2 Diamond
100 

million 
carats

11 14 - - -

Magnesium
10,000 
tons, 
MgO

850,000 760,000 100,000 100,000 2
Phospho-
rus

100 mil-
lion tons, 

ore
690 710 32 32 2

Nickel
10,000 
tons, 
metal

8,900 9,400 280 280 7 Potash
100 mil-
lion tons, 

K2O
>36 >37 3.5 3.5 4

Cobalt
10,000 
tons, 
metal

700 710 8 8 8 Barite 10,000 
tons 30,000 39,000 3,600 3,600 3

Tungsten
10,000 
tons, 
metal

320 340 190 190 1 Magnesite
100 mil-
lion tons, 

MgO
85 76 10 10 3

Tin
10,000 
tons, 
metal

470 430 110 110 1 Fluorite
10,000 
tons, 
CaF2

31,000 32,000 4,200 4,200 2

Molybde-
num

10,000 
tons, 
metal

1,800 1,800 830 830 1 Boron
10,000 
tons, 
B2O3

110,000 110,000 2,400 2,400 5

Antimony
10,000 
tons, 
metal

150 190 48 48 1

Note: Major transition minerals are marked in bold.

Data sources: United States Geological Survey (except energy raw materials), BP (energy raw materials).
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Figure 1.4: The share of China of global reserves of major minerals in 2020, as a percentage of world reserves

Note: The 18.8 per cent horizontal line in the figure corresponds to the share of the global population of China.

Data sources: United States Geological Survey, BP. 

As of 2021, China is still the world’s largest producer 
of mineral resources from domestic mines. As shown 
in table 1.3, China ranks first in the production of 24 
minerals, second in the production of 2 minerals, and 
third to fifth in the production of 11 minerals. Notably, 
in terms of transition minerals, China is the world’s top 
producer of rare earths, zinc and graphite, the third-
largest producer of lithium, copper and bauxite, and the 
fifth-largest producer of manganese. In addition, China 
is also the world’s top producer of coal; the sixth-largest 
producer of petroleum; the third-largest producer of iron 
ore and the top producer of gold.

The proportion of Chinese production of each mineral in 
the world in 2020 is shown in figure 1.5, where:

	z 14 of them have a production share exceeding 50 per 
cent of the global total in 2020: gallium, magnesium, 
tungsten, bismuth, magnesite, antimony, graphite, 
rare earth elements, germanium, fluorite, vanadium, 
chert for cement, indium and coal.

	z 7 of them have a production share between 30 per 
cent and 50 per cent of the global total in 2020: lead, 
phosphorus, molybdenum, tin, zinc, titanium and barite.

	z 3 of them have a production share between 18.8 
per cent and 30 per cent of the global total in 2020: 
strontium, beryllium and sulfur.

Wirestock Creators © Shutterstock
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Table 1.3: Statistics on Chinese production of major minerals from its own mines (cf. table 1.1, which showed 
production including that from imports)

Mineral Unit
World China Global 

ranking 
of China

Mineral Unit
World China Global 

ranking 
of China2019 2020 2019 2020 2019 2020 2019 2020

Coal 100 
million tons 81.3 77.4 38.5 39 1 Rare Earth tons, 

REO 213,000 243,300 132,000 140,000 1

Petroleum 100 
million tons 44.8 41.7 1.9 1.9 6 Niobium 10,000 tons, 

metal 7.4 7.8 0 0 -

Natural Gas
100 

million cubic 
meters

39,893 38, 537 1,776 1,940 4 Tantalum tons, metal 1,839 1,721 100 70 5

Iron
100 

million tons,  
ore

25.4 24 3.5 3.4 3 Beryllium tons, metal 261 242 70 70 2

Manganese 10,000 tons, 
metal 1,900 1,849 133 130 5 Lithium tons, metal 78,400 82,200 10,800 14,000 3

Chromium 10,000 tons, 
ore 4,480 4,000 15  15 8 Strontium 10,000 tons, 

metal 21,9 21 5 5 2

Vanadium tons, metal 86,830 85,970 54,000 53,000 1 Zirconium 10,000 tons, 
concentrate 142 140 14 14 3

Titanium 10,000 tons, 
TiO2

687.9 688.9 230 230 1 Germanium tons, metal 137 141 85 86 1

Bauxite 10,000 tons, 
ore 35,800 37,100  7,000  6,000 3 Indium tons, metal  760  900  300  500 1

Lead 10,000 tons, 
metal 450 440 210 190 1 Rhenium tons, metal 48.9 53.1 2.5 2.5 4

Zinc 10,000 tons, 
metal 1,275 1,218 430 420 1 Graphite 10,000 tons 113 105 70 65 1

Magnesium 10,000 tons, 
metal 112 100 97 90 1 Diamond million carats 5,600 54 1 1 8

Nickel 10,000 tons, 
metal 268 219 11 12 7 Phosphorus 100 million 

tons, ore 24,075 22,306 11,000 9,000 1

Cobalt tons, metal 141,500 120,003 2,000 2,300 12 Sulfur 10,000 tons, 
sulfur 7,891 7,805 1,740 1,700 1

Tungsten tons, metal 84,640 83,670 70,000 69,000 1 Potash 100 million 
tons, K2O

4,130 4,300 500 500 4

Tin tons, metal 226,300 188, 300 85,000 81,000 1 Kaolin 10,000 tons 4,177  - 320  - -

Molybde-
num tons, metal 291,900 292,400 130,000 120, 000 1 Barite 10,000 tons 952  745 290 250 1

Antimony tons, metal 159,705 152, 527 100,000 80,000 1 Magnesite 10,000 tons, 
MgO 2,710 2,600 1,900 1,800 1

Bismuth tons, metal 19,185 16,890 14,000 14,000 1 Fluorite 10,000 tons, 
CaF2

699 755 400 430 1

Gold tons, metal 3,287 3,101 420 380 1 Boron 10,000 tons, 
B2O3

264 263 25 25 3

Silver tons, metal 20,880  24,500 3,600 3,200 1 Limestone 
for Cement

100 million 
tons, cement 41.53 39.91 23 22 1

Platinum 
Group tons, metal 182 170 1 1 8

Note: Major transition minerals are marked in bold. REO = Rare earth oxide
Sources: United States Geological Survey, BP, World Bureau of Metal Statistics. 
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Figure 1.5: The share of China of global production of major minerals in 2020, as a percentage of the global 
production

Note: The 18.8 per cent horizontal line in the figure corresponds to the global share of the population of China.

Data sources: United States Geological Survey, BP, World Bureau of Metal Statistics.

1.3.3 Mining and sustainability in China

In recent years, China has witnessed a shift towards 
environmentally sustainable practices in the mining 
sector. The introduction of the Green Exploration Guide 
in 2018, the inaugural standard of China for eco-friendly 
exploration, reflects efforts by the Government to 
standardize green exploration practices and safeguard 
the ecological environment during mineral development. 
Additionally, the Fourteenth Five-Year Plan of China 
outlines a pivotal period from 2021 to 2025 for the 
transformation of the Chinese mining industry. This 
period emphasizes initiatives such as enhancing 
ecological restoration in mines, fostering the responsible 
development and preservation of mineral resources, and 
promoting environmentally conscious mining practices, 
referred to as green mining. Furthermore, there is a focus 
on enhancing safety in metal production by encouraging 
the adoption of advanced technologies, equipment 
for deep mining, disaster prevention measures and 
automation in the mining industry, and comprehensive 

safety liability insurance (Ju 2021).

Despite recent strides in implementing the green mining 
concept, various studies have highlighted persistent 
environmental challenges linked to the extraction of 
mineral resources in China, including issues such as 
land occupancy, vegetation destruction, groundwater 
and air pollution, and engineering disasters. In response 
to these concerns, the Government of China introduced 
the Green Mine Construction Plan in 2010. However, the 
effectiveness of this Plan is brought into question by the 
fact that, as of 2019, only 1,220 mining companies were 
recognized as having pilot green mines, constituting 
less than 2 per cent of the total mines. Addressing these 
ongoing environmental issues remains a significant task 
for the Chinese mining industry (Li et al. 2022, Yu et al. 
2022, Zhao et al. 2020).
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In 2015, China published guidelines on the sustainability-
related aspects of the investments of Chinese State-
owned enterprises and private sector enterprises 
in mining ventures abroad,10 which appear to yield 
encouraging results, as reported by Links et al. (2021) for 
cobalt mining ventures owned or co-owned by Chinese 
companies operating cobalt production activities in the 
Democratic Republic of the Congo: “Chinese companies 
in the sector demonstrate awareness of international 
priorities regarding responsible business by increasingly 
addressing issues such as human rights and responsible 
sourcing, instead of solely focusing on community 
development. They are also keen to emphasise their 
adherence to international standards and cooperation 
with foreign auditors. Recent publications by Chinese 
state institutions indicate that this movement towards 
increased alignment with international practices is 
also increasingly supported by China’s government. 
Nonetheless, problems in the cobalt supply chain 
continue. These are not only China-specific, however, 
and are often rooted in the fragile political, social, 
and economic environment of the Democratic 
Republic of the Congo. Solutions are to be found in 
increasing collaboration with industry-wide platforms 
on responsible business, and in further supporting 
the Democratic Republic of the Congo to strengthen 
accountability and enforcement mechanisms.”

In contrast, the Brookings Institution (Castillo and Purdy 
2022) in the United States of America reports that 
“China shows few signs of moving toward mandatory 
due diligence requirements for critical minerals and 
their derivative products. It has taken some steps 
to strengthen due diligence in the past decade, but 
key standards, many of which are voluntary, remain 
unenforced. This means that broad transparency across 
critical minerals supply chains globally will be difficult 
to achieve, given the critical role of Chinese actors, 
particularly in the midstream.” So far, publicly listed 
Chinese mining companies are not bound by rules on 
the public disclosure of their exploration activities that 
are comparable to the NI 43-101 standard applicable 
to companies listed on a Canadian stock market, or to 
the standard of the Australasian Code for Reporting of 
Exploration Results, Mineral Resources and Ore Reserves 
(JORC code) applicable to companies listed on an 
Australian stock market. There is very limited public data 
available on the Chinese minerals and metals industry.

10	 See https://mneguidelines.oecd.org/chinese-due-diligence-guidelines-for-responsible-mineral-supply-chains.htm.

1.3.4 Chinese mineral and metal 
consumption

At the end of 2020, China remained the world’s top 
consumer of mineral resources. The consumption 
of mineral resources contributes to a country’s 
development and the improvement of people’s living 
standards, but how China will address the sustainability 
issues related to minerals and metals production, at 
home and globally, will be of major importance to the 
global energy transition, and to the future of both China 
and the world.

Currently, as China has stepped into the later stages 
of industrialization, evidenced by the improvement 
of infrastructure construction, the increasing rate of 
urbanization and the rapid accumulation of social 
wealth, the growth rate of Chinese consumption of 
bulk mineral resources has started to slow down. 
The burgeoning development of strategic emerging 
industries will create a huge demand for strategic key 
minerals, especially for transition minerals. On the other 
hand, China has a complete metal industry system 
covering the entire production process including mining, 
beneficiation, smelting and alloy processing of non-
ferrous metals. China thus takes over much of the global 
indirect demand for mineral resources, stemming from 
the demand for associated downstream products or 
services. As shown in table 1.4, China ranks first in the 
consumption of 36 minerals, second in the consumption 
of 2 minerals, and third to fifth in the consumption of 6 
minerals. Unsurprisingly, China ranks first in consumption 
of the whole spectrum of transition minerals, such as 
lithium, cobalt, nickel and copper (table 1.4). In addition, 
China ranks second in the consumption of oil, third in the 
consumption of natural gas and first in the consumption 
of crude steel.
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Table 1.4: Statistics on the major mineral consumption of China (some of them refer to apparent consumption)

Mineral Unit
World China Global ranking 

of China2019 2020 2019 2020

Coal 100 million tons 81.3 77.4 40.4 40.6 1

Petroleum 100 million tons 44.2 40.1 6.5 6.7 2

Natural Gas 100 million cubic meters 39,039 38,228 3,084 3,306 3

Iron 10,000 tons, crude steel 177,510 177,180 91,190 99,500 1
Manganese 10,000 tons, metal 1,900 1,849 1,007 1,075 1
Chromium 10,000 tons, metal 1,523 1,360 559 501 1
Vanadium tons, metal 71,200 73,470 38,000 40,001 1

Titanium 10,000 tons, TiO2 687 702 155 195 1
Copper 10,000 tons, metal 2,340 2,491 1,280 1,453 1
Bauxite 10,000 tons, metal 6,448 6,48 3,665 3,901 1

Lead 10,000 tons, metal 1,293 1,354 592 648 1
Zinc 10,000 tons, metal 1,379 1,316 682 676 1

Magnesium 10,000 tons, metal 112 100 80 72 1
Nickel 10,000 tons, metal 243 233 130 131 1
Cobalt tons, metal 141,500 120,003 58,100 55,300 1

Tungsten tons, metal 84,640 83,670 68,000 72,000 1
Rare Earth 10,000 tons, REO 21.3 24.3 12.7 15.2 1

Niobium tons, metal 74,100 78,200 25,410 20,078 1

Tantalum tons, metal 1,839 1,721 210 123 3

Beryllium tons, metal 261 242 75 75 3
Lithium tons, metal 78,400 82,200 21,800 22,016 1

Strontium 10,000 tons, metal 21.9 21 6.1 6.2 1

Zirconium 10,000 tons, concentrate 142 140 14 14 2

Germanium tons, metal 137 141 75.0 74.5 1

Gallium tons, metal 600.6 550 306.7 288.5 1

Indium tons, metal 760 900 190 347 1

Rhenium tons, metal 48.9 53.1 2.0 2 4
Graphite 10,000 tons 113 105 65 53 1

Diamond million carats 5,600 5,400 - - -
Phosphorus tons, phosphorus 2,650 2,455 914 727 1

Sulfur 10,000 tons, sulfur 7,891 7,805 2,859 2,518 1

Potash 100 million tons, K2O 4,130 4,300 1,033 1,011 1

Tin 10,000 tons, metal 36.7 38.4 17.8 21.6 1

Molybdenum 10,000 tons, metal 29.2 29.2 10.1 12.6 1

Antimony 10,000 tons, metal 16.0 15.3 8.0 8.3 1

Bismuth tons, metal 19,185 16,890 12,500 12,500 1

Gold tons, metal 3,287 3,101 1,003 821 1

Silver 10,000 tons, metal 20,880 24,500 5,707 5,849 1
Platinum Group tonnes, metal (platinum) 182 170 72 88 1

Kaolin 10,000 tons 4,120 4,120 330 330 4

Barite 10,000 tons 952 745 189 205 1

Magnesite 100 million tons, MgO 2,710 2,600 1,647 1,623 1
Fluorite 10,000 tons, CaF2 699 755 462 490 1

Boron 10,000 tons, B2O3 264 263 73 69 4

Limestone for Cement 100 million tons, cement 41.5 39.9 23.5 24.1 1

Note: Major transition minerals are marked in bold.

Data sources: United States Geological Survey, BP, World Bureau of Metal Statistics. 
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The proportion of Chinese consumption of each mineral 
in the world in 2020 is shown in figure 1.6, where:

	z 22 of them have a share of global consumption 
of more than 50 per cent: tungsten, bismuth, 
magnesium, fluorite, rare earth elements, magnesite, 
indium, chert for cement (cement), bauxite, copper, 
manganese, tin, nickel, iron (crude steel), vanadium, 
antimony, germanium, coal, gallium, platinum group 
metals, zinc and graphite.

	z 6 of them have a share of global consumption 
between 30 per cent and 50 per cent: lead, cobalt, 
molybdenum, chromium, sulfur and beryllium.

	z 10 of them have a share of global consumption 
between 18.8 per cent and 30 per cent: phosphorus, 
strontium, titanium, barite, lithium, gold, boron, 
niobium, silver and potash.

	z 6 of them have a share of global consumption below 
18.8 per cent: petroleum, tantalum, zirconium, kaolin, 
natural gas and rhenium.

	z 38 of them have a share of global consumption 
exceeding the global consumption average per capita 
(18.8 per cent).

Figure 1.6: The share of China of global consumption of major minerals in 2020, as a percentage of world 
consumption

Data sources: United States Geological Survey, BP, World Bureau of Metal Statistics.

As an emerging economy, China has undergone rapid 
industrialization and urbanization over the past few 
decades, creating a substantial demand for input 
materials to build up in-use stock. Despite the significant 
production capacity of China, it remains dependent on 
international trade to import raw materials. Meanwhile, 
as the global “manufacturing hub”, China has taken over 
a large amount of overseas indirect demand for mineral 
resources, in addition to demand in its home country. 
However, limited by the resource endowment of China, 
the huge imbalance between the supply and demand 
of Chinese mineral resources has directly led to the 

long-term dependence of Chinese mineral resources 
consumption on trade and investments in the mining 
industry in other countries (figure 1.7). Through trade, 
China ships its production around the globe. According 
to the Global Mining Development Report (2020-2021). 
report (China, Ministry of Natural Resources 2021), 
in 2020, the total mineral imports of China amounted 
to US$463.3 billion, down 10.8 per cent year-on-year, 
with the largest decline of 22.4 per cent for energy raw 
materials. Among them, energy raw materials accounted 
for 58.2 per cent of the value traded, and metal ores 
accounted for another 40.3 per cent of the value traded.
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Figure 1.7: The overseas mining mergers and acquisitions deals of China by primary commodity as of 10 
February 2021
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China faces pressing imperatives in advancing its 
domestic ecological civilization. Given its status as the 
world’s foremost producer and consumer of coal, the 
transition of China from coal to clean energy is pivotal 
for achieving both national and global decarbonization 
goals (He et al. 2020). Concurrently, China contends with 
fierce global competition for transition minerals. A major 
risk China faces in its mining industry is its high level of 
external dependence. China is externally dependent on 31 
of the 45 major minerals, while having net exports in the 
remaining 14 minerals. The external dependence of China 
for major minerals in 2020 is shown by the fact that:

	z 8 of them have an external dependence exceeding 
70 per cent: niobium, chromium, cobalt, nickel, 
manganese, platinum group, copper and petroleum.

	z 3 of them have an external dependence between 50 
per cent and 70 per cent: boron, iron and potash.

	z 8 of them have an external dependence between 30 
per cent and 50 per cent: tin, tantalum, natural gas, 
bauxite, silver, zinc, lithium and sulphur.

	z nearly the whole spectrum of transition minerals in 
China is highly reliant on imports.
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1.3.5 Conclusion

China has a large variety and quantity of mineral 
resources, with 56 per cent of the world’s tungsten 
reserves, 46 per cent of the world’s molybdenum 
reserves, 43 per cent of the world’s vanadium reserves, 
37 per cent of the world’s rare earth reserves, and 33 per 
cent of the world’s titanium reserves, which are the five 
resources of which China has the highest percentage 
globally (see figure 1.4). However, given the large 
population of China, the country’s resource endowment 
is not outstanding.

China is crucial in processing raw materials for 
downstream industrial applications, including most 
low-carbon energy transition technologies. In 2021, 
China claimed the top spot in producing 24 minerals, 
including critical minerals for the clean energy transition. 
Noteworthy is the status of China as the world’s top 

11	 Minerals that are needed to support the energy transition away from fossil fuels. These include lithium, nickel, manganese, aluminium, cobalt, 
copper, graphite and platinum group metals.

producer of rare earth elements (58 per cent), zinc (34 
per cent) and graphite (62 per cent), the third-largest 
producer of lithium (17 per cent), copper (8 per cent) and 
bauxite (16 per cent), and the fifth-largest producer of 
manganese (7 per cent). Meanwhile, as the globe’s major 
producer and consumer of minerals, the impact of China 
on the global supply chain extends beyond domestic 
consumption.

Nevertheless, China faces many challenges, including 
ecological concerns and global competition for critical 
resources. In this context, the Going Out strategy of 
China has driven investments in overseas mining 
projects by Chinese companies to secure their supply 
chain. Over the past decade, the Government of China 
has emphasized ecological transformation in the mining 
sector, introducing green exploration standards and 
promoting sustainable practices.

1.4 MINING AND METAL PRODUCTION 
IN AFRICA

The role of Africa in the provision of transition minerals11 

is key to the global energy transition (Griffin and Pickens 
2023). Fourteen important transition minerals are 
produced in the continent (figure 1.8); Africa accounts 
for half of global production of chromium, cobalt, 
manganese and platinum and over a quarter of the 
global production of bauxite and palladium. Production 
has generally been on an upward trajectory.

In Africa, production is concentrated in relatively few 
countries. For example, for most commodities the two 
top producers tend to account for over 80 per cent of 
the production. Production is also largely dominated 
by Southern and Central African countries (see the 
production for the various countries in table 1.5).

Lucian Coman © Shutterstock
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Figure 1.8: The share (percentage) of Africa of the global production of transition minerals
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Table 1.5: Share of producing countries in the production of key minerals in Africa

Manganese Copper Zinc Cobalt Niobium Tin

South Africa 53.7% Democratic 
Republic of 
the Congo

62.3% South Africa 31.9% Democratic 
Republic of 
the Congo

93.9% Democratic 
Republic of 
the Congo

63.5% Democratic 
Republic of 
the Congo

63.6%

Gabon 33.3% Zambia 32.1% Eritrea 24.2% Morocco 2.6% Rwanda 18% Nigeria 25.9%

Ghana 7.4% Morocco 1.2% Burkina Faso 15.7% Madagascar 1% Nigeria 9% Rwanda 8.8%

Côte d’Ivoire 4.8% South Africa 1.1% Namibia 12.4% Zimbabwe 1% Uganda 5.8% Namibia 1%

Morocco 0.4% Mauritania 1.0% Morocco 7.1% South Africa 1% Mozambique 1.9% Burundi 0.5%

Kenya 0.1% Eritrea 0.8% Nigeria 5.3% Zambia 0.4% Ethiopia 1.2% United 
Republic of 
Tanzania

0.2%

Zambia 0.1% Namibia 0.6% Democratic 
Republic of 
the Congo

3.0% Botswana 0% Burundi 0.6% Uganda 0%

Namibia 0.1% United 
Republic of 
Tanzania

0.4% Congo 0.2%

Senegal 0.1% Congo 0.4% Algeria 0.2%

Nigeria 0.1% Zimbabwe 0.3%

Egypt 0% Botswana 0%

Democratic 
Republic of 
the Congo

0%

Sudan 0%

Nickel Chromium Bauxite Graphite Lithium Palladium Platinum

South Africa 39.5% South Africa 90.3% Guinea 96.9% Madagascar 72.6% Zimbabwe 100% South Africa 83.7% South Africa 88%

Côte d’Ivoire 22.9% Zimbabwe 9.5% Sierra Leone 1.5% Mozambique 27.4% Namibia 0% Zimbabwe 16.3% Zimbabwe 12%

Zimbabwe 18.5% Madagascar 0.1% Ghana 1.3% Namibia 0% Nigeria 0%

Madagascar 12.6% Sudan 0.1% Côte d’Ivoire 0.3% Zimbabwe 0%

Zambia 6.5% Ethiopia 0% Mozambique 0%

Morocco 0.2%
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Source: World Mining Data (2022).

12 	https://www.iea.org/events/iea-at-cop27-ensuring-africa-s-rich-critical-minerals-endowment-crucial-to-global-energy-transition-is-leveraged-
to-promote-sdg7-on-the-continent.

Based on the exploration activities underway, the 
position of Africa in the production of transition minerals 
is likely to become more significant. At the 2022 United 
Nations Climate Change Conference (COP 27), the 
International Energy Agency stated that is important to 
ensure that “Africa’s rich critical minerals endowment 
crucial to global energy transition is leveraged to 
promote SDG7 [Sustainable Development Goal 7] on the 
continent”.12

 A survey for this report identified 170 projects being 
undertaken by 129 companies in 25 countries. As can 
be seen in figure 1.9, most of the projects are in the 
exploration or development stage. Africa is thus likely to 
become a key player beyond bauxite, cobalt, platinum 
group metals, chromium and manganese, where Africa is 
already dominant.

Figure 1.9: African involvement in the production of transition minerals
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1.4.1 Importance of the mining sector 
in the regional economy

Mining in general plays a central role in many 
economies of the countries producing transition 
minerals. In the most recent survey of the mining 
contribution to economies, the Democratic Republic 
of the Congo is ranked as the country with the largest 
contribution of mining to its economy, with minerals 
contributing 12 per cent of its gross domestic product 
(GDP) and 86 per cent of its total exports (Ericsson and 
Löf 2018).13 Mining activities can have potentially huge 
benefits for countries. Indeed, Botswana has been able 
to transform its economy and achieve high standards 
of living based on the exploitation of its vast diamond 
deposits (International Monetary Fund 2018). The 
current demand for transition minerals therefore has 
the potential to benefit countries, and can transform 
economies (and societies) if their institutions succeed 
in providing public goods and services that increase 
productivity across the non-extractive sectors (Dietsche 
2017). At the macro level, mining can deliver benefits 
in terms of taxes, royalties, exports and investments. 
At the community level, mining can bring jobs to local 
communities, infrastructure (such as roads and water) 
and other benefits (Otto 2018). 

However, it should always be remembered that 
mining activities can come with costs, including 
macroeconomic costs, leading to exchange rate 
increases and making other exports uneconomical 
(Dutch disease), alongside corruption, social disruption 
and, in particular, environmental costs. Furthermore, 
large-scale mining has tended to promote ‘enclave’ 
economies of high capital intensity with few linkages 
to other sectors of the economy, thus generating few 
benefits for those sectors. As a result, it often generates 
little employment, often only accounting for between 1 
and 3 per cent of the jobs in the economy (Ericsson and 
Löf 2018). 

13	 Other countries ranked in the top 20 included Burkina Faso (2), Mali (3), Eritrea (5), Namibia (6), Botswana (11), Zambia (13), Sierra Leone (15), 
Guinea (18) and the United Republic of Tanzania (19). Also see the Appendix.

1.4.2 Foreign direct investments 
in mining

The survey of 170 projects also shows that mining 
companies from many parts of the world are active in 
Africa. A total of 25 countries have activities producing 
13 minerals (bauxite, chromium, cobalt, copper, graphite, 
lithium, manganese, nickel, platinum group metals, rare 
earth elements, scandium, tin and zinc). Companies 
from Canada, Australia, the United Kingdom of Great 
Britain and Northern Ireland and China constitute about 
two thirds of the companies (figure 1.10a). In terms of 
the size of mining companies, junior mining companies 
from Australia and Canada are the most active. In terms 
of financing, the majority of companies are listed mainly 
on the Australian (ASX), Toronto (TSX) and London 
(LSE) stock exchanges (figure 1.10b). Other financing 
arrangements include international banks, international 
development banks, private equity firms, large mining 
houses, local banks and governments.

Figure 1.10a: Home countries of mining companies 
active in Africa
1.10a
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1.10b

Source: Authors. Survey for this report

Note: UAE = United Arab Emirates; UK = United Kingdom of Great Brit-
ain and Northern Ireland; USA = United States of America

Figure 1.10b: Company ownership structures (left) 
and share listing (right) of mining companies active 
in Africa	1.10b
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Note: SoE refers to State-owned enterprises

Source: Authors. Survey for this report. 

China, through its State-owned enterprises, is the 
key government financier in mining. However, the 
governments of developed countries are also starting to 
invest directly (Japan, Republic of Korea) and indirectly 
(United States of America). Companies are facing a 
growing risk from tendencies for some countries (e.g. 
in Burundi, Congo, Democratic Republic of the Congo, 
Zimbabwe and Guinea) to claim sovereign rights over 
natural resources (also referred to by some as resource 
nationalism), and governments are demanding a greater 
share of revenues and investment. In Kenya, Malawi 
and the United Republic of Tanzania, companies face 
litigation actions against contracts. Issues relating to 
the environment (especially forest destruction) are being 
raised. These companies are starting to deploy Industry 
4.0 (digital) technologies, especially for traceability and 
optimization. 

14	 Reserves are mining resources that it is economically feasible to extract, at the time of determination. In turn, resources are a concentration of 
naturally occurring material in or on the Earth’s crust in such a form and quantity that its economic extraction is currently or potentially feasible.

1.4.3 Conclusion

Many African countries have the potential to play a 
substantial role in the provision of transition minerals. 
As the exploitation of these minerals gathers pace, 
the key questions are whether benefits to the host 
countries of mining will outweigh the costs, and, more 
crucially, who will capture the benefits and who will bear 
the costs. Potential costs that will need to be strictly 
controlled include corruption, social disruption and 
environmental damage, while the local and national 
economic benefits from mining will depend on the extent 
to which it contributes the wider economy. Companies 
will need to address such issues as a priority if they are 
to win a social licence to operate, as discussed further 
in Chapter 3, while host governments will also need to 
pay close attention to these issues if a mining boom 
from extracting transition minerals is to contribute 
substantially to the sustainable development of Africa.

1.5 MINING AND METAL PRODUCTION 
IN SOUTH AMERICA

1.5.1 Major South American mineral 
reserves

South America has abundant natural resources and 
accounts for a significant share of global mineral reserves 
(table 1.6). This has historically defined the region’s 
primary export specialization, further strengthened by the 
latest mineral price boom (Bárcena 2018).

According to information from the United States 
Geological Survey, by 2022 it was estimated that the 
region contained 89 per cent of the world’s reserves of 
niobium, 47 per cent of those of lithium, 33 per cent of 
those of molybdenum, 30 per cent of those of copper, 28 
per cent of those of silver, 21 per cent of those of tin, 19 
per cent of those of iron, 10 per cent of those of gold and 
zinc, and 9 per cent of those of bauxite.

Brazil has the world’s largest reserves14 of niobium, the 
second largest reserves of iron ore and graphite, the 
fourth largest reserves of bauxite and manganese, and 
the sixth largest reserves of tin. Chile is the country with 
the world’s largest reserves of copper and lithium, is 
second in iodine reserves and fourth in molybdenum. 
Peru is first in silver reserves, third in copper and 
molybdenum, and fourth in zinc. Argentina is the country 
with the third largest lithium reserves. The Plurinational 
State of Bolivia ranks seventh among the countries with 
the largest tin reserves. It also has the largest lithium 
resources in the world, although there is no lithium 
production in the country, except for some relatively 
small pilot trials, and the reserves are currently unknown 
owing to insufficient investigations of the huge potential 
of Salar de Uyuni.
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Table 1.6: Reserves of some minerals with significant contributions from certain South American countries

Copper
(thousand metric tons 
of contained copper)

Lithium
(thousand metric tons 
of contained lithium)

Molybdenum
(thousand metric tons 

of contained molybdenum)

Niobium
(thousand metric tons 
of contained niobium)

Silver
(metric tons of 

contained silver)

Chile 190,000 Chile 9,300 China 3,700 Brazil 16,000 Peru 98,000

Australia 97,000 Australia 6,200 United States 
of America 2,700 Canada 1,600 Australia 92,000

Peru 81,000 Argentina 2,700 Peru 2,400 United States 
of America 210 China 71,000

Russian 
Federation 62,000 China 2,000 Chile 1,400 Poland 65,000

Mexico 53,000 United States 
of America 1,000 Russian 

Federation 430 Russian 
Federation 45,000

United States 
of America 44,000 Canada 930 Türkiye 360 Mexico 37,000

Democratic 
Republic of 
the Congo 
(Kinshasa) 

31,000 Zimbabwe 310 Armenia 150 Chile 26,000

Poland 30,000 Brazil 250 Mexico 130 United States 
of America 23,000

China 27,000 Portugal 60 Argentina 100
Bolivia 
(Plurinational 
State of)

22,000

Indonesia 24,000 Other countries 3,300 Canada 72 India 7,200

Kazakhstan 20,000 Iran 43 Argentina 6,500

Zambia 19,000 Uzbekistan 21 Other countries 57,000

Canada 7,600 Republic of 
Korea 8

Other countries 200,000  

World total 
(rounded) 890,000 World total 

(rounded)	 26,000 World total 
(rounded) 12,000 World total 

(rounded) 17,000 World total 
(rounded)   550,000

Source: United States Geological Survey, Mineral Commodity Summaries (January 2023).

1.5.2 South American production 

In 2020, mining production in South American countries 
included a large share of many of the world’s metals and 
minerals. Notable for their share of world production were 
bauxite (8.8 per cent), copper (39.9 per cent), iron (17.5 per 
cent), silver (23.1 per cent), gold (11.7 per cent), lead (7.1 
per cent), molybdenum (32.3 per cent), tin (18.8 per cent), 
zinc (15.1 per cent), niobium (91.5 per cent), lithium (35.6 
per cent), rhenium (39.6 per cent), tantalum (18.3 per cent) 
and vanadium (7.2 per cent) (Reichl and Schatz 2022).

Five South American countries were among the world’s 
largest producers of various minerals in 2021. According 
to World Mining Data (Reichl and Schatz 2022, tables 
3, 4 and 5), Brazil was the world’s largest producer of 
niobium, the second largest producer of tantalum and 
iron, the fourth largest producer of bauxite and vanadium, 
and the fifth largest producer of lithium and tin. Chile was 
the world’s leading producer of copper and rhenium, the 
second largest producer of lithium and molybdenum, and 
the fourth largest producer of silver. Peru was the world’s 
second largest producer of copper and zinc, the third 
largest producer of silver, the fourth largest producer 
of molybdenum and tin, and the fifth largest producer 
of lead. Argentina was the fourth largest producer of 
lithium. Bolivia (Plurinational State of) was the sixth 
largest producer of tin, the seventh largest producer of 
zinc and the tenth largest producer of silver.
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1.5.3 Importance of the mining sector in 
the economy of the region

The development of the mining sector in South America, 
and its importance to the continent’s economies, 
varies between countries in the region. One indicator 
to measure the importance of mining in countries’ 
economies is through mining GDP as a percentage of 
total GDP. This indicator is shown in table 1.7. GDP figures 
at constant prices have been used to calculate it in order 
to observe variations in production, in isolation from the 
effect of metal price fluctuations. On the other hand, it 
should be taken into account that the available data also 
include the production of the hydrocarbon sector, which is 
particularly relevant to Argentina, the Bolivia (Plurinational 
State of), Colombia, Ecuador and the Bolivarian Republic 
of Venezuela.

Table 1.7 shows that the mining sector is particularly 
relevant for the economies of Bolivia (Plurinational 
State of), Chile, Peru and Guyana, where the share is 
close to 10 per cent of GDP. In the Bolivarian Republic 
of Venezuela, the sector’s contribution exceeds 10 per 
cent of GDP, which is explained almost exclusively by 
the hydrocarbon sector. Paraguay and Uruguay are the 
two countries in the region where mining has the least 
economic importance, both in relative and absolute 
terms. In aggregate, mining in South America accounts 
for around 4 per cent of GDP.

Between 1990 and 2020, all countries have experienced 
a significant increase in the contribution of mining to 
GDP, measured at constant prices (figure 1.11). The high 
growth rate of Peru, of around 3.5 times, stands out, 
followed by those of the Bolivia (Plurinational State of), 
Brazil and Colombia. The contribution of mining to GDP 
for the region as a whole grew by around a factor of two.

Table 1.7: Mining GDP, constant prices

Mining GDP, constant prices (percentage of GDP)

Country 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Argentina 4.2 4.2 4.0 4.1 4.1 3.9 3.7 3.8 4.0 3.9

Bolivia (Plurinational State of) 13.5 13.4 13.7 13.8 12.9 12.4 11.8 10.9 10.0 9.0

Brazil 2.1 2.0 1.9 2.0 2.2 2.3 2.3 2.3 2.1 2.2

Chile 9.8 9.6 9.8 9.8 9.5 9.0 8.7 8.9 8.5 9.2

Colombia 2.7 2.7 2.7 2.6 2.5 2.3 2.2 2.1 2.1 1.9

Ecuador 6.6 6.4 6.3 6.5 6.3 6.5 6.2 5.7 5.9 5.9

Guyana 9.2 10.2 10.7 9.0 10.0 14.5 13.0 12.8 13.5 37.9

Paraguay 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Peru 9.3 9.0 8.9 8.6 9.0 9.7 9.8 9.3 9.1 8.8

Suriname 7.9 7.9 7.5 7.0 6.2 5.1 5.7 5.8 4.5 3.8

Uruguay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Venezuela (Bolivarian Republic of) 11.9 11.4 11.3 11.2 11.8 12.8 12.8 12.2 NA NA

South America 4.1 4.1 4.0 4.1 4.2 4.3 4.2 4.1 3.6 3.7

Source: https://statistics.cepal.org/.

Jose Luis Stephens © Shutterstock
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Figure 1.11: Evolution of mining contribution to GDP in some South American countries, 1990–2020
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Table 1.8: Share of mining in exports

Share of mining in exports (percentage of total exports)

Country/Customs code 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Bolivia (Plurinational State of) 28.8 29.7 19.9 17.9 18.9 22.0 31.7 35.1 32.6 ND

Lead minerals and their concentrates 2.2 2.7 1.4 1.4 1.4 1.6 2.4 3.4 3.0 ND

Zinc minerals and their concentrates 12.7 10.5 6.7 6.4 8.4 10.4 14.9 19.3 19.0 ND

Minerals and concentrates of silver, platinum 
and metals from the platinum group 9.8 12.1 9.1 7.3 6.2 7.0 9.9 7.9 6.6 ND

Tin 4.1 4.4 2.7 2.8 2.9 3.0 4.5 4.5 4.0 ND

Brazil 14.4 16.5 12.9 13.6 11.6 7.5 7.3 8.9 8.5 10.2

Iron minerals and their concentrates 14.4 16.5 12.9 13.6 11.6 7.5 7.3 8.9 8.5 10.2

Chile 57.2 54.7 53.0 50.0 48.4 45.5 43.7 52.7 51.9 51.3

Iron minerals and their concentrates 1.7 2.0 1.8 1.8 1.5 ND 1.4 1.5 1.3 1.0

Copper ore and concentrates 19.6 18.2 20.8 22.1 21.3 21.2 20.9 24.4 25.0 26.8

Titanium, molybdenum, vanadium, tantalum 1.8 1.8 1.6 1.1 1.6 1.2 ND 1.5 2.0 1.9

Copper (refined) 34.1 32.7 28.8 25.0 24.0 23.1 21.4 25.3 23.6 21.6

Colombia 14.5 14.3 12.8 11.1 12.1 12.3 14.9 18.9 16.3 13.0

Coal 14.5 14.3 12.8 11.1 12.1 12.3 14.9 18.9 16.3 13.0

Guyana 20.2 19.4 19.9 17.9 17.3 15.1 11.6 11.2 18.8 ND

Bauxite and its concentrates of aluminium 20.2 19.4 19.9 17.9 17.3 15.1 11.6 11.2 18.8 ND

Peru 40.7 37.3 36.8 34.5 33.3 37.4 41.9 45.5 44.2 41.9

Copper ore and concentrates 21.9 21.5 23.0 22.1 21.0 23.8 29.4 32.3 31.8 31.0

Lead 4.5 4.9 5.5 3.3 3.1 3.9 3.9 2.9 2.5 2.5

Zinc 5.3 3.3 2.9 3.0 3.5 4.3 4.0 5.4 5.3 4.1

Copper (refined) 9.0 7.6 5.4 6.1 5.7 5.4 4.6 4.9 4.6 4.3

Note: This takes into account mining products that constitute part of the 10 main export products in each country. 
Source: https://statistics.cepal.org/.
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Table 1.8 shows the exports of mining products for 
six South American countries as a percentage of total 
exports. The table shows those countries that have 
mining products among their top 10 export products and 
gives the tariff headings under which those 10 products 
fall for each country. In 2019, mining exports were most 
relevant in Chile, where they accounted for 51.3 per cent 
of total exports, followed by Peru with 41.9 per cent. 

Between 2002 and 2008, during the super cycle of 
high commodity prices, the amount of regional mining 
exports almost quadrupled in value. Since 2007, the 
sector’s share of the region’s total goods shipments has 
fluctuated between 17 and 20 per cent. After a fall in 
2009 in the context of the global financial crisis, and a 
significant recovery in 2010 and 2011, mining shipments 
have not regained the dynamism of the previous 
decade in terms of value. However, they have increased 
steadily in terms of volume. In 2017, Latin American 
and Caribbean exports of minerals and metals reached 
US$170 billion, equivalent to 17 per cent of the value of 
the region’s total shipments of goods and 8 per cent of 
world exports of minerals and metals (Latin America and 
the Caribbean International Trade Outlook 2018 – United 
Nations, Economic Commission for Latin America and 
the Caribbean [ECLAC] 2018).

1.5.4 Foreign direct investment in mining 

The mineral wealth of South America has historically 
attracted the attention of foreign capital in the search 
for natural resources, and the recent commodity price 
boom has intensified inflows of foreign direct investment 
(FDI) to this sector in the region. Over the last 15 years, 
the natural resources sector has attracted an increasing 
share of foreign investment inflows to Latin America and 
the Caribbean. 

International demand has been profoundly transformed 
since the early 2000s and the main factor is related to 
the increasing role of China. The remarkable growth 
process of China and its industrialization strategy caused 
consumption of iron ore and base metals in the country 
to outstrip the increase in its domestic production. This 
gap started in the 1990s and widened from 2000 onwards. 
In 2005, the consumption of iron ore and base metals 
in China tripled and domestic extraction doubled. This 
boosted the country’s mineral imports, a situation that 
favoured exports from Latin American countries, reversing 
the historical trade balance, with extraction levels of base 
and ferrous metals now close to seven times higher than 
the level of consumption (ECLAC 2016). 

The average relative weight of natural resources in total 
FDI inflows rose from 16.6 per cent and 17.1 per cent 
in the 1990s and 2000s, respectively, to 22.3 per cent 
in the period 2010–2014. In those years, US$170.6 
billion of FDI inflows to the region went to all natural 
resource sectors, and in several of the host countries 
mining accounts for the vast majority of FDI in natural 
resources (ECLAC 2016).

Between 2003 and 2015, US$445.7 billion in metallic 
mining investments were announced globally, with most 
of these announcements corresponding to projects in 
developing countries. Latin America and the Caribbean, 
the Asia Pacific region and Africa accounted for 84.6 
per cent of the total amount of announced investments, 
whereby each region attracted 33.8 per cent, 29.7 per 
cent and 21.1 per cent of the total FDI flow respectively 
(ECLAC 2016).

Investment in non-ferrous metals exploration 
accompanied the expansionary phase and increased 
tenfold between 2003 and 2012, when it peaked at 
US$21.5 billion, before falling to US$11.4 billion in 2014. 
Latin America and the Caribbean received the largest 
share of the exploration budget between 2004 and 
2014, with a share reaching 27 per cent of the total in 
2014. The largest share was invested in base metals 
(42 per cent) and gold (41 per cent) (SNL Metals & 
Mining 2015). Australia and Canada, which prior to 
the expansion phase received the largest share of the 
budget, reached shares of 12 per cent and 14 per cent, 
respectively, while 16 per cent was invested in Africa. 
The privatization process in Latin America and the 
Caribbean in the 1990s and the higher costs of mining 
in traditional countries, such as Australia, Canada 
or the United States of America, helped the region 
to consolidate its position as the main destination 
for exploration investments between 2003 and 2012 
(ECLAC 2016).

In Latin America and the Caribbean, 510 metallic mining 
investment projects were announced between 2003 and 
2015 for an estimated US$150.54 billion, representing 
12.2 per cent of the total announcements for the region. 
On average, each project announced was worth US$300 
million, although several mega-projects far exceeded 
this figure. For example, a gold-mining project for Chile 
in 2003 reached US$8 billion and another copper project 
in Panama reached US$ 6.4 billion in 2014. In total, 25 
projects were announced with an investment amount of 
more than US$ 1 billion, accounting for 40 per cent of the 
total amount between 2003 and 2015 (ECLAC 2016).
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Most of the projects announced in the region were 
in mining for gold and silver (44.0 per cent of the 
announced amount), followed by copper, nickel, lead 
and zinc with 37 per cent. Brazil, Chile and Peru were the 
countries with the most projects announced, together 
accounting for 75.6 per cent of the total amount). In 
Chile and Peru, metal mining accounted for about 40 per 
cent of total announcements for the country, while in 
Brazil and Mexico the share was lower. Gold and silver 
mining was the most widespread type of mining in the 
region, with projects announced for 19 countries. Copper, 
nickel, lead and zinc mining projects showed a higher 
concentration, with Chile, Panama and Peru accounting 
for 88.4 per cent of the amounts announced. In iron ore 
mining, Brazil attracted most of the amounts announced 
(69.0 per cent), followed by Peru (27.2 per cent). Similar 
is the case of aluminium, where Brazil accounted for 72.1 
per cent of the total, with further significant investments 
in Guyana and Jamaica, where there are important 
bauxite deposits (ECLAC 2016).

Historically, the transnational mining companies that 
have invested in the region were mainly from developed 
countries, with companies from Australia, Canada, the 
United States of America and the United Kingdom of 
Great Britain and Northern Ireland standing out. Half of 
the announced investment in metallic mining between 
2003 and 2015 came from companies in Canada (50.6 
per cent), accounting for 83.0 per cent of the total amount 
in gold and silver mining. The second ranked country 
was the United Kingdom of Great Britain and Northern 
Ireland, whose companies accounted for 52.2 per cent of 
the amount going into iron ore mining and 21.3 per cent 
into copper, nickel, lead and zinc. Australian companies 
invested in copper, nickel, lead and zinc mining, while the 
United States of America led investments in aluminium 
and ranked second in iron ore mining. 

In recent years, the investment of Chinese capital in 
South American mining has increased significantly, 
especially in lithium and copper. In the case of lithium, 
it is important to mention the purchase by Tianqi in 
2018 of 24 per cent of the company SQM for a value 
of US$4.1 billion, as well as the purchase from Lithium 
Americas in 2019 of 51 per cent of Minera Exar in 
Argentina, for US$290 million. In copper, it is worth 
mentioning the investment of US$1.3 billion in Peru 
(Chinalco) and US$920 million in Ecuador (China Railway 
Construction), both in 2018.

Significant investment flows are also expected for the 
future, especially in copper and lithium mining. In Chile, 
the latest update of the mining investment portfolio 
(Chile, Chilean Copper Commission 2022), covering 
those projects to be materialized in the decade from 
2022 to 2031, includes 53 initiatives that in total reach an 
investment of more than US$73 billion. Copper projects 
represent 88.6 per cent of total mining investment. 
The investments come from 12 countries, led by Chile, 
Canada, the United States of America and Japan. 
Regarding lithium, the two current operations in Chile are 
making investments of approximately US$750 million 
to expand their production capacity. In the future, there 
could be new investment projects, thanks to the recently 
announced national lithium policy.

In Peru, there is an investment portfolio made up of 
47 mining projects (MEM 2023), which encompass an 
investment of US$53.7 billion, of which nearly US$7 
billion is expected to materialize during 2023 and 2024. 
A total of 71.7 per cent of the investments correspond to 
copper projects, 13 per cent to investments in gold mining 
and the rest to iron, silver and zinc projects. Regarding 
the countries of origin of the investments, 19.7 per cent 
come from China, followed by Mexico with 16.5 per cent, 
Canada with 15.2 per cent, the United States of America 
with 15.2 per cent and Australia with 5.4 per cent.

Argentina, for its part, has a portfolio of 87 mining 
investment projects, for a total of US$9,314.36 million, of 
which 94.5 per cent will be earmarked for construction 
and expansion (Secretaría de Minería 2022). Copper 
projects will receive investments of US$4.60 billion, 
equivalent to 49.5 per cent of the total, followed by 
lithium projects with US$3.4 billion, representing 
36.3 per cent of the total. The rest corresponds to 
gold and silver projects. Regarding the origins of the 
investments, Canada has positioned itself as the main 
investing country, with US$5.5 billion, followed by 
China with US$1.2 billion, the United States of America 
with US$974 million and the Republic of Korea with 
US$831 million.
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1.5.5 Conclusion

South America has important mineral reserves, with 
a high percentage of the world’s reserves of niobium, 
lithium, molybdenum, copper, silver, tin, iron, gold, zinc 
and bauxite.

The mining production of South America includes a large 
part of all the metals and minerals produced in the world. 
In 2020, it stood out for its high proportion – more than 
a third – of the global production of niobium, copper, 
rhenium, lithium and molybdenum.

The economic contribution of mining is essential for 
several economies in the region, especially for Suriname, 
Peru, Bolivia (Plurinational State of), Colombia, Guyana 
and Chile. In these countries, mining accounts for a high 
percentage of exports and production.

FDI in mining grew strongly from 2000, driven by the 
increase in demand for base metals in China. In the 
future, it is expected to continue growing, driven by the 
increased demand for the metals necessary for the 
energy transition, such as copper and lithium. In this 
sense, it would be desirable for future investments to 
be focused on transition minerals, and less on gold and 
silver as has been the case until now.

1.6 TRADE NETWORKS AND 
CONCENTRATION IN THE GLOBAL 
TRADE OF METALS

1.6.1 Introduction

As noted in previous sections, metal ores trail fossil fuels, 
biomass and non-metallic minerals in global extraction. 
In physical trade volume, however, metals rank second 
to fossil fuels. In line with the global transition away from 
fossil fuels, metals are likely to become the most traded 
global material. It is well known that today’s global supply 
chains are extremely fragmented and countries’ trade 
volumes are highly skewed in most markets, with a few 
countries dominating trade volumes while the majority 
of countries trade in tiny volumes. The vast majority of 
trade flows between countries are of a very low volume 
and a tiny majority of trade flows have large volumes. 

This structure of international trade networks represents 
imbalances, market concentrations and dependencies 
that are difficult to distil. Traditionally, such dependencies 
are evaluated by using measures of market 
concentration, above all the Herfindahl-Hirschman Index, 
which ascribes the highest power to the supplier with 
the highest market share, with a monopoly (Herfindahl-
Hirschman Index 1) being the most extreme form of 
power concentration. 

Industrial ecology research has addressed this risk as 
supply chain risk in criticality analysis. In the criticality 
literature, the supply risk of metals is operationalized as 
an index for the geopolitical concentration of primary 

production and is combined with other indicators or 
indices for, for example, estimated depletion time, political 
stability or substitutability in major applications (Graedel et 
al. 2015, Schrijvers et al. 2020, Sprecher et al. 2017). 

Recent supply chain disruptions owing to the COVID-19 
crisis and the invasion of Ukraine by the Russian 
Federation has brought this issue to the attention of 
policymakers and analysts once again. Examining the 
structure of these trade networks and their embodied 
dependencies is especially important in metals markets, 
where an ongoing surge in demand for transition 
minerals is expected to accelerate in the future. 

1.6.2 Structure of the international trade 
network

Here our analysis is focused more comprehensively 
on the structure (called topology in complex network 
analysis) of the international trade network of metals 
to distil which dependencies are created between 
importing and exporting countries. The basic idea is that 
not only the importer but also the exporter can become 
dependent, considering that importers depend on the 
traded goods for their industries and exporters depend 
on the revenues from these traded goods. In box 1.1, a 
methodology for the analysis of important export power 
is developed. 
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Box 1.1: An index for market power in global trade

Recent network extensions to the well-established Herfindahl-Hirschman Index allow trade dependencies 
to be measured. In a first step, this is done for the bilateral case, i.e. a trade flow between country (i) (the 
exporter) to country (j) (the importer). We calculate for the importer the ratio of this bilateral trade flow to all 
imports to (j) in metric tons 

qij
impQj

( ) and for the exporter, we calculate the ratio of this bilateral trade flow to all 
exports in United States dollars 

vij
expVi

( ). We then compute the difference between the two now dimensionless 
numbers (see formula (1), arbitrarily set as the importer share minus the exporter share). This gives us a 
measure of the bilateral trade balance (tsbij: bilateral trade share balance between importer (j) and exporter 
(i). This bilateral trade share balance is particularly meaningful for specific commodities, such as individual 
metals. 

Trade share balance: tsbij = [                   ]qij
impQj

–
vij
expVi

 (1)

The higher the share of imports from country (i) to country (j) is in all imports of country (j), the more country 
(j) relies on the exports of country (i). At the same time, the higher the share of exports from country (i) 
to country (j) in all of the exports country (i) is, the more the exporter relies on country (j) as a buyer. The 
difference between the shares simply reveals who relies more on this bilateral trade flow. The measure can 
have values between -1 and 1. If the import share of the bilateral trade flow is larger for the importer than the 
respective export share is for the exporter, the difference is positive and this means the trade share balance 
is in favour of the exporter. If the difference is negative, the balance is in favour of the importer. 

Because countries trade the same commodities with many other countries, this bilateral trade balance is 
then used to define a country measure that shows a country’s power position as importer and as exporter in 
relation to all its trade partners in any defined commodity market. 

For export power, we calculate for each individual export flow of country (j) the bilateral trade share balance 
with the importing country (tsbji) and multiply the individual trade share balances with the respective trade 
volumes. This provides a weighted average of the individual trade shares balances of the exports of one 
country. Summing up all these weighted trade share balances and dividing them by the total exports results 
in a dimensionless number between -1 and 1, with -1 indicating the most powerless position and 1 the most 
powerful position for the exporter. 

Export power: Pj
exp = Ʃ[tsbji ]xvjiexpVj

1          		  (2)

The same can be done using physical trade data. This is displayed in formula (3).

Import power: Pj
imp = Ʃ[–tsbji ]xqijimpQj

1                            (3)

Formula (3) shows a direct correspondence to formula (2), except for the inclusion of negative values for 
bilateral trade share balances. The objective is to ensure that the numerical values for import and export 
power are the same. A value of 1 thus represents the maximum power of the importer in the import power 
metric, and the maximum power of the exporter in the export power metric.
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A country importing from few exporters that themselves have many other buyers of their material will 
lead to a negative score (down to -1), illustrating the disadvantaged position of the importer. As a country 
diversifies its imports and individual exporters become dependent on specific trade flows with the country, 
the import power increases until it eventually becomes positive (up to 1), signalling a favourable position for 
the importing country in the international trade network. The same is true for exporters. If a country delivers 
a large part of its total exports to one country, while this country imports the same raw material in significant 
amounts from other countries too, the exporter is more dependent than the importer and export power will 
become negative for the exporter. 

The determination of market power for a dominant exporter or importer in a specific country and product is 
therefore on the comprehensive assessment of the country’s import and export connections in relation to 
those of its trading partners.

Box 1.2

The analytical method for market power described above is here applied to lithium, in respect of the trade 
of lithium (lithium oxide and hydroxide and lithium carbonate, normalized to lithium context (see also the 
Lithium Factsheet in the Annex to this report). 

Lithium is a key material for current battery technologies and demand for it is estimated to increase 
substantially in the coming years. Lithium is abundant in the Earth’s crust, but is only mined in a few places 
on the planet. Its extraction methods and impacts are discussed in more detail in the IRP Lithium Factsheet. 
In general, with the exception of China, lithium is mined in the Southern Hemisphere, but further processing 
takes place in the Northern Hemisphere.

The production of lithium-ion batteries, for which the mineral is primarily used, takes place mainly in the 
Northern Hemisphere in countries including the European Union, China, Japan or the Republic of Korea. 
Without domestic mining activities (apart from China), these countries are dependent on lithium imports.

Figure 1.12

Source: Authors 
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Figure 1.12 illustrates this complex global trade network and shows the origin of each trade flow by 
continent. The main sources are South America (blue) and Asia (red), culminating in Europe with its high level 
of internal trade within the European Union (orange). The data is compiled from reconciled United Nations 
Comtrade records for global trade in 2021 (Gaulier and Zignago 2010). Trade in lithium is reported in the 
form of lithium carbonate, oxide and hydroxide, which were normalized according to their lithium content 
(European Commission 2020).

In 2021, global primary production of lithium (normalized to metal content) was around 107,000 metric tons 
(United States Geological Survey, Mineral Commodity Summaries 2022). 

The major lithium producers in 2021 were: Australia: 61 kt; Chile: 39 kt; China: 19 kt; Argentina: 6 kt; Brazil: 2 
kt; Zimbabwe: 0.8 kt (United States Geological Survey, Mineral Commodity Summaries 2022).

Since 2014, domestic production data on lithium have been withheld by the United States of America to avoid 
disclosing company proprietary data from only two construction sites (Jaskula 2024). According to news 
reports almost all of the lithium produced in Australia is exported to China.15 Assuming 55kt mine production 
of lithium in Australia is exported to China, and using United Nations Comtrade data for all other trade flows, 
the import and export power of the largest lithium importers and exporters (defined as > 1,000 metric tons 
of trade volume in 2021) are displayed in table 1.9. Lithium trade data are only available as lithium oxide and 
hydroxide and as lithium carbonate. Their weight was normalized for their lithium content of 16.5 per cent 
and 18.8 per cent respectively (Christmann, Gloaguen, Labbé, Melleton, and Piantone 2015). 

Australia, despite being the largest producer and largest exporter of lithium, has a negative export power 
in the lithium trade network (-0.22), whereas China has a positive import power (0.24), a situation that has 
already raised geopolitical concerns for the Government of Australia.16 

Table 1.9: Export and import power of selected countries involved in lithium trade

Lithium export power Lithium import power

Country Quantity 
(metric tons)

Value  
(US$1,000)

Export power Country Quantity 
(metric tons)

Value  
(US$1,000)

Import 
Power

Australia 55,016 358,248 -0.22 China 70,551 955,844 0.24

Chile 27,378 1,000,771 0.06 Republic of Korea 16,950 950,919 0.02

China 13,608 920,634 -0.02 Japan 9,613 510,290 -0.12

Argentina 5,724 247,366 -0.27 European Union 4,807 173,654 -0.19

European Union 2,181 94,816 0.35 United States of 
America 2,581 98,972 -0.36

United States of 
America 1,932 113,177 -0.19 Russian 

Federation 1,819 64,443 -0.10

Russian 
Federation 1,461 82,102 -0.20

Source: Authors

15	 New York Times; https://www.nytimes.com/2023/05/23/business/australia-lithium-refining.html.
16	 New York Times; https://www.nytimes.com/2023/05/23/business/australia-lithium-refining.html.
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Table 1.10: Import power for various countries in relation to nickel, cobalt and copper

Import power European Union Republic of Korea China Japan United States 
of America

Nickel -0.26 -0.55 0.03 -0.36 -0.24

Cobalt 0.18 -1.00 0.01 -1.00 0.06

Copper 0.24 0.00 0.62 0.12 -0.49

Source: Authors

The import power of large importers of other mining 
products needed for new energy technologies can vary 
to a large degree, as shown in table 1.10 for nickel, cobalt 
and copper. 

Table 1.10 shows the import power of key materials for 
the energy transition (nickel, cobalt and copper) for five 
major importers: the European Union, the Republic of 
Korea, Japan, China and the United States of America. 
Data for trade with metal ores and concentrates was 
used, which is the earliest stage of metal production 
represented in trade statistics. 

Both the Republic of Korea and Japan are highly 
dependent on imports of cobalt from the Democratic 
Republic of the Congo. While China also sources 
almost all of its cobalt from the  Democratic Republic 
of the Congo, it is also the destination for almost all 
of the cobalt exports of the  Democratic Republic 
of the Congo, creating a much more balanced trade 
relationship. Overall, the countries studied are the 
least dependent on copper imports, with the exception 
of the United States of America, which is dependent 
on Canadian copper exports. China has a powerful 
importer position in the trade networks of all three 
metals.

1.6.3 Conclusion

After decades of expanding trade networks through 
globalization, recent supply shocks have revealed 
that many countries are vulnerable to global supply 
chains. This has motivated reindustrialization policies 
in countries such as France, the United States of 
America and Germany that are aimed at reducing the 
dependence on imported critical raw materials and 
products. Reducing trade dependencies is especially 
important for transition metals that will be demanded 
in much higher quantities for the necessary rapid 
decarbonization of energy systems. However, for 
densely populated Western countries, including much 
of Europe, a massive reindustrialization of the mining 
sector is unlikely or not feasible. Here, a reliable 
quantification of the mutual dependencies between 
trade partners in individual metal markets could help 
countries to develop more balanced trade partner 
portfolios and create more resilient supply chains.

1.7 CONCLUSIONS OF THE CHAPTER
The use of metals underpins a wide range of economic 
activities. Such use has grown enormously in the past 40 
years and is projected to grow again in the next 40 years, 
not least to supply the metals that are required for low-
carbon energy technologies.

This Chapter has provided a review of the contribution 
to the metal industry made by three of the most 
important regions that have reserves of metals relevant 
to the energy transition: China, Africa and South 
America. Each of these regions has a crucial role to play 
in supplying these metals.

Because of the geological concentration of different 
metals in different parts of world, trade plays a crucial 
role in supplying metals to industries in those countries 
that do not have those resources. The length and 
complexity of the ensuing supply chains can be a source 
of vulnerability to the industries and wider economies of 
those countries, as expressed in the statistics of import 
and export power developed in this Chapter. 

In a multipolar world, the geography of minerals extraction 
and trade, as described and analysed in this chapter, is 
of increasing geopolitical importance. It reveals that the 
supply security of essential raw materials is an important 
aspect of the low-carbon energy transition.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

56



CHAPTER 2

INVESTMENT ISSUES IN MINING

Kseniya Ivashkevich © Shutterstock



CONTENTS

2.1 Introduction 59

2.2 Metals markets and prices 60

2.2.1 Introduction 60

2.2.2 Supply and demand 60

2.2.3 Stylized facts of price behaviour in mineral and metal prices 61

2.2.4 Price dynamics of metals 62

2.2.5 Influences on metal prices 63

2.2.6 Conclusions 66

2.3 Investment issues in China 67

2.3.1 Financing of minerals exploration in China 67

2.3.2 Investment in minerals extraction and processing worldwide 71

2.3.3 Conclusions 75

2.4 Investment issues in Africa 76

2.4.1 Financial benefits and costs of mining in Africa 76

2.4.2 Contribution of mining to fiscal revenues 77

2.4.3 Infrastructure for minerals/resource-financed Infrastructure 79

2.4.4 Conclusions 79

2.5 Investment issues in South America 80

2.5.1 Royalties and taxation related to mining in South America 80

2.5.2 Government take and effective tax rates 85

2.5.3 Conclusions 88

2.6 Conclusions of the chapter 89

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

58



2.1 INTRODUCTION

As will be seen in Chapter 5, mining is resource-intensive 
and will need to attract very large quantities of financial 
capital to meet the projected demand for transition 
minerals. The great majority of this investment will need 
to come from the private sector, and this investment 
will only flow to mining if it offers the requisite balance 
between risk and return. Given that mining requires large 
amounts of sunk capital investment at the beginning and 
is a riskier activity than many other economic sectors, 
the returns from mining will need to be relatively high for 
new mines to be financed.

Financial assessments of investments in the mining 
sector lend themselves to the application of a 
sophisticated risk-adjusted investment calculus. In 
particular, drawing on real-options theory, it becomes 
evident that mining investments often contend with 
considerable uncertainty, encompassing variables such 
as resource quality, market demand and geopolitical 
factors. Acknowledging this uncertainty, investors’ 
assessments regularly employ a real-options framework 
to evaluate the flexibility of individual mining projects. 
This perspective allows them to make adaptive decisions 
in response to changing market conditions, thereby 
managing risks more effectively and potentially seizing 
valuable opportunities as they arise. Furthermore, at 
the corporate level, portfolio optimization comes into 
play by diversifying the individual asset level risk-return 
profiles of investments across various mining projects, 
commodities and geographic locations, creating a 
strategy that is more robust financially, mitigates sector-
specific risks and maximizes dynamic profit streams. By 
combining these methodologies, investors can assess 
the risks inherent to mining investments, weigh them 
against their overall profit potential and strategically 
allocate real mining assets and financial assets to 
achieve the optimal risk-reward balance among 
companies in the mining sector. The evolution of 
commodity prices reflects the fundamentals of complex 
commodity markets, including political risks. These 
prices, at which the metal produce will be sold, are the 
most important single factor in mining profitability. The 
many influences on these prices are the subject of the 
first part of this Chapter.

The Chapter then moves on to discuss other factors that 
are important to mining investment in China, Africa and 
South America. Local and central governments play an 
important role in Chinese minerals investment. China 
also makes significant investments in other countries. 
In Africa, most of the investment is foreign direct 
investment, but both here and in South America the 
governments of several countries are very dependent on 
the revenues from exporting the products. The various 
tax and royalty systems that enable governments in the 
major South American mineral-exporting countries to 
benefit from these exports are the subject of the South 
American section of this Chapter.

Jason Benz Bennee © Shutterstock
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2.2 METALS MARKETS AND PRICES

17	 In February 2023, Trafigura, one of the two largest global metal traders lost US$577 million after discovering that nickel shipments to its 
premises contained no nickel (see for instance: https://www.reuters.com/article/markets/currencies/trafigura-to-record-577-million-charge-after-
nickel-fraud-idUSKBN2UJ18P/). Another example of market manipulation is the Big Nickel Short on the London Metal Exchange in 2022, see, e.g. 
https://www.warriortrading.com/nickel-short-squeeze/.
18	 WTO dispute settlement DS431: China — Measures Related to the Exportation of Rare Earths, Tungsten and Molybdenum: 
https://www.wto.org/english/tratop_e/dispu_e/cases_e/ds431_e.htm.

2.2.1 Introduction

Metal prices are important for producer and consumer 
countries alike. Prices are a key input factor in many 
industries, as well as for the availability of many 
services. The dynamics of metal prices are thus highly 
relevant to global economic activity and drive the 
speed of sustainability transitions. There are many 
factors that impact the price of metals, such as supply 
shocks, demand shifts, economic conditions, currency 
fluctuations, geopolitical events, production costs, 
government regulations, speculation and scams, as 
well as investment in mineral exploration, mining, ore 
processing, metallurgy and the required flanking sectoral 
public institutions, including research and innovation. 

It is important to highlight that for a large number of 
critical minerals, many of which stem from by- or co-
products of mining activities, traded price information is 
not publicly available. It is precisely these minerals and 
metals that exhibit most systemic risks. These therefore 
play a major role in risk assessments by investors.

2.2.2 Supply and demand

A supply shock in the metal market refers to a sudden 
unexpected change in the supply of a metal, which 
can either increase or decrease its availability. This 
can be caused by natural disasters, strikes, political 
instability, changes in production processes, oil shocks 
or market manipulation.17 It can also be the result of a 
sudden drowning of the market owing to dumping with 
oversupply, or export restrictions (e.g. the restrictions 
of China on the export of various forms of rare earths, 
tungsten and molybdenum in 2012).18 One of the 
examples of a supply shock is that observed during the 
recent coronavirus disease (COVID-19) pandemic, when 
many mining operations were temporarily disrupted, 
which, together with raising freight rates, added to 
an increase in metal prices. In line with the proposed 
Wellmer and Becker-Platen (2002) theory of feedback 
control mechanism for metal prices, based on the 
interaction between the physical supply, technology 
and demand for metals, Stuermer (2022) provides 
empirical evidence, using a structural Bayesian vector 
autoregressive model, that supply is driven by the 
feedback control cycle of mineral supply, i.e. in the event 
of a shortage in the market, prices rise and encourage 
investment and innovation in mineral exploration, 
mining, metallurgy and the substitution of expensive or 
scarce minerals and metals, as well as in recycling. This 
control mechanism might not be at play for co-mined 
(companion) products where supply is mostly driven by 
the quantities of the principal product.

Short-term shocks in metal prices are typically hedged 
in the financial markets through futures trading and 
options contracts, which, in turn, could even affect 
metal prices in the longer term. The feedback control 
mechanism is driven by the interaction between 
physical, technological and financial market forces. 
According to Wellmer and Becker-Platen (2002), metal 
prices tend to revert to a long-term equilibrium level InWay © Shutterstock
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that is determined by the underlying physical supply 
and demand fundamentals, as well as by financial 
market expectations and hedging activities. If prices 
deviate significantly from this equilibrium level, it can 
trigger new hedging activities and market interventions 
that help to bring prices back into alignment with the 
fundamentals. This is a strong conjecture that also needs 
to be scrutinized for strategic behaviour that exploits or 
leads to market power, where periods of low prices can 
be used by monopolists to crowd out competing market 
participants or new entrants.

A demand shift, on the other hand, refers to a change in 
the demand for metal, which can result from changes in 
consumer preferences, technological advancements or 
changes in economic conditions. An example of such a 
demand shift for metals is the adoption of clean energy 
technologies to avoid the negative effects of climate 
change. For example, lithium, nickel, cobalt, manganese 
and graphite are crucial to battery performance, 
longevity and energy density. Charging stations, and 
the specific grid needed to supply them with electricity, 
require substantial amounts of copper. Solar panels use 
large quantities of copper, silicon, silver and zinc, while 
wind turbines require iron ore, copper and aluminium. 
For more detail, see, for instance, International Energy 
Agency (2021).

2.2.3 Stylized facts of price behaviour 
in mineral and metal prices

Some of the most widely recognized stylized facts about 
metal prices include: 

	z Volatility clustering: Metal prices exhibit significant 
and persistent fluctuations over time, with periods 
of high volatility often followed by periods of low 
volatility and vice versa. The demand for certain 
metals used in clean energy production may cause 
price volatility, as well as market manipulations 
or distortions, particularly if the supply is limited 
or subject to supply chain disruptions. The wild 
fluctuations of prices show also how inelastic 
demand is in key mineral or metal markets in the 
short term (University of Houston Energy Fellows 
2022). The modelling of volatility in metal markets is 
a crucial issue, as volatility can affect the decisions 
of investors with respect to portfolio allocation and 

value-at-risk management, as well as in generating 
reliable forecasts for policymakers (see Shahbaz et 
al. 2023; Hammoudeh and Yuan 2008). Akram (2009) 
shows that shocks to real interest rates and the real 
(dollar) exchange rate account for substantial shares 
of fluctuations in commodity prices (including metals). 
Hong et al. (2022) study the characteristics of the 
volatility aggregation effect and asymmetries in the 
nickel futures and spot prices at the London Metal 
Exchange and Shanghai Metals Market, using a copula-
GARCH approach. The modelling of the volatility of 
metal prices helps to predict the uncertainty and risks 
associated with metal prices in the future. In addition, 
the results in Ng and Pirrong (1994) strongly suggest 
that fundamental factors (namely supply-demand 
conditions measured by the spread between spot and 
forward prices) determine the dynamics of industrial 
metal prices and explain a large proportion of their 
volatility changes.

	z Asymmetric price responses: Metal prices tend to 
respond differently to positive and negative news, 
with negative news having a larger impact on prices 
than positive news. In addition, the response of metal 
prices to economic news is strong during global 
downturns and weak during expansion periods 
(see Chevallier and Ielpo 2013). The evidence of 
the asymmetric behaviour of short-run price cycles 
of minerals is found in Rossen (2015) and Roberts 
(2009), who show that slump phases last significantly 
longer than boom phases. 

	z Non-linear price movements: Metal prices often 
exhibit non-linear dynamics, with large price changes 
often occurring quickly and with little warning. Chen 
et al. (2019) construct a theoretical framework 
for analysing the effects of financial factors on 
fluctuations in the prices of non-ferrous metals and 
employ the Markov-switching vector autoregression 
model to conduct an empirical analysis employing 
nonlinear models and data on international 
copper futures prices. The results show that price 
fluctuations in copper futures present a regime-
switching dynamic. In addition, Crespo Cuaresma 
et al. (2021) develop an econometric modelling 
framework to model and forecast commodity prices, 
using non-linear models to consider potentially 
different dynamics and linkages that exist in 
different countries.
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	z Seasonality: Metal prices often exhibit regular patterns 
of seasonality, with prices often higher at certain 
times of the year and lower at other times. Weather-
related factors can affect the seasonality of supply 
and demand for certain metals or drive input prices 
for their production. Construction cycles, which tend 
to be seasonal, can drive demand for metals such as 
steel, aluminium and copper. Production cycles for 
some metals, such as gold and silver, can be affected 
by seasonal factors such as weather conditions, 
which may slow down during the rainy season, for 
example. The availability of transportation and logistics 
infrastructure can also affect the supply and demand 
for metals, leading to seasonal fluctuations in prices. 
For example, shipping routes may be affected by ice 
during the winter months, making it more difficult and 
expensive to transport metals by sea.

2.2.4 Price dynamics of metals

The clean energy transition represents an important 
source of continued demand for transition minerals for 
decades to come and has led to the reemergence of 
the super-cycle discussion (Jerrett 2021). As claimed 
by Heap (2005), there have been three demand-driven 
commodity price super cycles since the late 1800s, 
occurring during industrialization in the United States 
of America, post-war reconstruction in Europe and then 
in Japan, and the industrialization and urbanization of 
China beginning in the early 2000s. Cuddington and 
Jerrett (2008) and Jerrett and Cuddington (2008) found 
evidence supporting the existence of three super cycles 
over the past 150 years. The examination of super cycles 
is provided also in Rossen (2015). In all these studies, 
authors rely on the bandpass filter methodology for 
identifying super cycles; this was originally introduced 
in the business cycle literature by Baxter and King 
(1999). Gilbert (2022) points out the shortcomings of 
this method and contrasts the results obtained from 
the bandpass filter with those obtained by using an 
unobserved components model, which should provide 
a more satisfactory framework for analysing the 
existence of price cycles. Gilbert (2022) analysed price 
data for copper, lead and zinc and finds some evidence 
for short and poorly defined cycles, but only weak 
evidence for a long copper super cycle at best. These 
results do not deny the possibility that non-ferrous 
metal prices may tend to follow repeating cyclical 
processes, but underline that two centuries of price 
data appear insufficient to allow such an inference.

Jacks and Stuermer (2020) provide evidence on the 
dynamic effects of aggregate commodity demand 
shocks, commodity supply shocks, and storage demand 
or other commodity-specific demand shocks related 
to real commodity prices (including those of metals). 
They establish that commodity demand shocks strongly 
dominate commodity supply shocks in driving prices 
over a broad set of commodities and over a long period 
of time. While commodity demand shocks have gained 
importance over time, commodity supply shocks have 
become less relevant. Similar findings were presented 
by Baumeister, Verduzco-Bustos and Ohnsorge in the 
World Bank Commodity Market Outlook (2022) where 
the impact of four different (supply and demand) 
shocks on aluminium and copper prices were studied 
using a Bayesian vector autoregression framework 
using monthly data up to July 2022 (thus including the 
COVID-19 pandemic period), and the authors corrected 
for the unusual nature of the pandemic. The authors 
adopted the methodology of Baumeister and Hamilton 
(2019), who identified these shocks as the main drivers 
of oil prices. The results point to metal price swings 
as an important transmission channel from the global 
business cycle to countries that rely heavily on their 
copper or aluminium sectors for exports, fiscal revenue 
and economic activity. More swings in aluminium and 
copper prices can be expected as the energy transition 
away from fossil fuels towards renewable fuels and 
battery-powered transport gathers momentum because 
renewable electricity generation is considerably more 
metal-intensive than traditional energy generation.

In their recent study, Christmann and Lefebvre (2022) 
point out the importance of supply and demand 
scenarios to better assess risks to supply and resource 
depletion and to focus attention on the importance of 
integrating future technology shifts into future demand 
scenarios; such shifts are likely to have large impacts 
on the demand for some minerals and metals. They 
present some examples of probable major forthcoming 
technology shifts that have the potential to deeply alter 
the future demand for cobalt, dysprosium, graphite, 
neodymium, praseodymium, rhenium and tantalum. 

Rossen (2015) investigates the co-movements, and 
short- and long-run price dynamics of a variety of 
mineral commodities during the past 100 years. 
She finds cyclical behaviour of commodity prices in 
both the short run and the long run (super cycles). In 
addition, the majority of metal prices are found to be 
characterized by four super cycles during the previous 
100 years, where the boom and slump phases take the 
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same time on average. Finally, co-movements seem 
to be a phenomenon that is valid within a specific 
group of metals, but not necessarily between them. 
Another contribution to the empirical evidence on the 
co-movement and determinants of commodity prices 
is Byrne et al. (2013), who, using non-stationary panel 
methods, found a statistically significant degree of co-
movement owing to a common factor that is negatively 
related to the real interest rate and uncertainty and 
risk. A dampening impact of rising interest rates for 
metal (copper, gold, silver) prices was also observed 
in Hammoudeh and Yuan (2008), as well as in Akram 
(2009), who used structural vector autoregressive 
models to show that commodity prices (including metal 
prices) increase significantly in response to a reduction 
in real interest rates and the real value of the dollar.

2.2.5 Influences on metal prices

Chiaie et al. (2022) find that the bulk of the fluctuations 
in commodity prices is well summarized by a single 
global factor, which is persistent and follows the major 
expansion and contraction phases in the international 
business cycle. It is strongly related to measures of 
economic activity, thus suggesting a close link with 
demand factors. On the other hand, Kagraoka (2016) 
identifies four common factors through the application 
of a generalized dynamic factor model that is applied to 
panel data. These correspond to the inflation rate in the 
United States of America, global industrial production, 
the world stock index and the price of crude oil. Kwas et 
al. (2021) extract four factors that explain commodity 
prices, exchange rates, and financial and macroeconomic 
indicators and then evaluate them as potential predictors 
of the movements of four non-ferrous metals (aluminium, 
copper, nickel and zinc). 

Linkages across non-energy commodity price 
developments were examined in Lombardi et al. 
(2012), where, by means of a factor-augmented vector 
autoregressive model, the authors extract two factors of 
non-energy commodity price series, identified as common 
trends in metals and food prices. Impulse response 
functions confirm that exchange rates and economic 
activity affect individual non-energy commodity prices.

19	 https://wits.worldbank.org/countrystats.aspx
20	 https://www.wto.org/english/res_e/statis_e/statis_e.htm
21	 https://www.oecd.org/en/data/indicators/trade-in-goods-and-services.html
22	 https://www.oecd.org/en/topics/sub-issues/export-restrictions-on-critical-raw-materials.html
23	 https://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37
24	 https://scp-hat.org/methods/

A range of other influences on metal prices are listed below.

Geopolitical events 

These can have a significant impact on metal prices. 
Some of the most common factors that can affect metal 
prices include changes in government policies, economic 
sanctions, political instability and military conflicts. Most 
of these factors have been most recently observed in the 
context of the war between the Russian Federation and 
Ukraine. Geopolitical tensions between China and Japan 
were also the cause of the 2010–2011 crisis in rare earth 
elements (Kalantzakos 2017; Pitron 2021).

Government regulations

Environmental or other regulations (e.g. to limit the 
environmental impact of metal mining and production), 
tariffs and trade agreements, quotas and production 
limits, and taxes and subsidies related to clean energy 
technologies can have both positive and negative impacts 
on metal prices and sometimes severely affect trade. 
Tariff and non-tariff measures, the dumping of cheap raw 
minerals and metals, disinformation and secrecy about 
production capacities, resources and reserves can be 
used by governments to manipulate markets and exert 
dominance to the benefit of their industries. International 
organizations serve as custodians of international 
trade data, including the World Bank19, World Trade 
Organization (WTO)20, and Organization for Economic 
Co-operation and Development (OECD)21. This data 
encompasses information on exports, imports, and both 
tariff and non-tariff trade barriers. In-depth studies at the 
commodity level and relevant data are made available 
through specialized reports, such as those on critical 
raw materials22, which are now published regularly by the 
OECD. Research organizations, such as CEPII, offer high-
resolution trade data tailored for the economic modeling 
community, including resources like the BACI database23. 
Additionally, for environmental impact assessments 
concerning Sustainable Production and Consumption 
(SCP) including trade issues, the SCP-HAT24 database 
stands out as a leading data source. This information 
has been compiled by the UN Life Cycle Initiative, UN One 
Planet Network, and the UN International Resource Panel.
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Commodity price regulations

Commodity price regulation has long been 
underestimated as a lever to understand and eventually 
control inflation, thus underscoring the importance for 
policy of both forecasting commodity price changes and 
of understanding the factors that drive those changes. 
Commodity price forecasts are crucial for inflation 
projections and thus for the monetary policy of central 
banks (see Gargano and Timmermann (2014), Guidolin 
and Pedio (2021) and Crespo Cuaresma et al. (2004; 
2021) on commodity price forecasting, and Ceccheti 
and Moessner (2008), De Gregorio (2012) and Gelos 
and Ustyugova (2017) on inflationary responses to 
commodity price changes, among others). More recently, 
academic research has started to include commodity 
price uncertainty in the discussion. Explicitly considering 
commodity price uncertainty may, for example, prove 
useful in commodity price forecasting. While financial 
and economic uncertainty have been widely used and 
analysed in academic and political discussions since 
the financial crisis of 2007–2008, the research related 
to commodity price uncertainty is still comparatively 
small. It seems that the scientific community is still 
far away from an adequate understanding of how 
commodity markets really work, and how to measure 
their performance and provide insights into effective rule-
making domestically and internationally.

Speculation and investment 

Gorton and Rouwenhorst (2004) demonstrate that 
investors are able to reduce portfolio risk by diversifying 
into raw materials as the returns to these types of 
assets are negatively correlated with equity returns. This 
has increased the importance of speculative trading in 
metals, which is also a side effect of the financialization 
of commodity markets. Such a development gave rise to 
presumptions that speculation might increase the level 

25	 https://en.wikipedia.org/wiki/Silver_Thursday.
26	 https://en.wikipedia.org/wiki/Sumitomo_copper_affair. 
27	 https://www.businesstoday.in/latest/world/story/biggest-gold-fraud-busted-in-china-83-tons-of-fake-gold-bars-used-as-loan-
collateral-262661-2020-06-30.
28	 https://www.reuters.com/article/us-qingdao-metals-ahome-idUSKBN0JW18620141218.
29	 https://www.gtreview.com/news/asia/china-aluminium-fraud-allegations-suggest-lessons-not-learned-from-qingdao/ and https://www.
japantimes.co.jp/news/2022/06/06/business/financial-markets/aluminum-stocks-china-commodities/.
30	 https://en.wikipedia.org/wiki/Fanya_Metal_Exchange.
31	 https://www.bloomberg.com/news/articles/2022-07-06/thanks-to-lme-tsingshan-s-xiang-guanda-escapes-nickel-chaos-a-billionaire.
32	 https://www.bloomberg.com/news/articles/2022-07-06/thanks-to-lme-tsingshan-s-xiang-guanda-escapes-nickel-chaos-a-billionaire.

and volatility of metal prices. Pichler et al. (2012) focus 
on quantifying the impact of speculation on both metal 
prices and metal price volatility and found no evidence of 
a systematic impact of futures trading on spot or futures 
prices, which is the same finding as in Korniotis (2009). 
However, Pichler et al. (2012) find that speculation 
increases the price volatility of aluminium and copper 
specifically. The theme of financialization of commodity 
markets and its link to noise trading and momentum 
strategies is explored also in Arezki et al. (2014). 
Speculation, using techniques such as Ponzi schemes, 
short selling and fraud, can severely distort a given market 
for months or even years. 

Speculation exploits very lax global regulation and 
oversight of financial markets, sometimes with the 
consent of the authorities of countries that see an 
advantage in this state of affairs. Some examples of 
major speculations and scams that had a severe impact 
on the market at the time they happened are:

	z The Hunt brothers’ attempt to corner the silver market 
in 1980 (United States of America);25 

	z the Sumitomo copper affair (Japan) in 1996;26 

	z the Kingold Jewelry (China) fake gold scam in 2020;27

	z the Qingdao aluminium stockpile scam (China) in 
2014,28 with a smaller scale repeat in 2022;29

	z the Fanya Rare Metals stock market (China) scam 
(2011–2015);30

	z the big nickel short selling (China and the London 
Metal Exchange) in March 2022, which caused a price-
spiralling event, which lead to an ex-post cancellation 
of trading at the London Metal Exchange and nearly 
triggered a Lehman Brothers-style crash of the banking 
system;31 and

	z the 2023 nickel fraud at the expense of Trafigura.32
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Systemic trade risk

The role of systemic trade risk on metal prices was 
addressed in Klimek et al. (2015), where it is shown that 
the international trading network of critical resources 
contains information that can explain a large fraction of 
the price volatility of these resources. This information is 
quantified by a systemic risk measure, and the authors 
show that supply risk, scarcity and the price volatility 
of non-fuel mineral resources are intricately connected 
with the structure of the global trade network of these 
resources or spanned by them. Price disruptions in 
mineral resources can reflect cascades of supply shocks 
in the underlying trade network, which can be mitigated 
by lowering trade barriers.

Policy interventions 

Apart from domestic taxation and resource-pricing 
policies, and trade instruments such as tariffs and 
quotas, commodity prices are not typically subject to 
rigid international market price control mechanisms by 
governments. Most of the time, prices are determined 
through private market actors. Businesses that rely 
heavily on commodity prices use hedging instruments 
to protect themselves against price fluctuations by 
using financial instruments such as futures contracts, 
options or swaps to reduce exposure to price risk. 
Commodity price risks can pose significant challenges 
for businesses and economies, particularly for those 
that are heavily reliant on commodity exports or 
imports. There are several risk mitigation measures 
that can be used to protect against large price swings. 
For example, stabilization funds and non-parametric 
insurance solutions have been proposed to buffer 
the risks of commodity price extremes. Such funds 
would be triggered for exporting countries when prices 
are exceptionally low to guarantee macroeconomic 
budgetary stability or, alternatively, would protect 
importing countries from extreme price hikes of essential 
imported goods. Such price-related or insurance 
products could, however, end up reinforcing price 
volatility at the global level, if widely used. The European 
Union SYSMIN special financing facility was such a 
stabilization fund created by the European Union as part 
of its broader development assistance efforts. It operated 
for 20 years from 1980 to 2000 and was established 
to support the stabilization of metal prices in African, 
Caribbean and Pacific States.

Policy interventions and recommendations in the 
context of financialization suggest that, regarding the 
strengthening of financialization in non-ferrous metal 
markets, regulators should strengthen the monitoring 
of international financial flows, seek international 
cooperation and establish a warning mechanism for 
international non-ferrous metal prices based on the 
effective identification of the impacts of exchange rate 
shocks, speculative manipulation, interest rate shocks 
and oil linkages on fluctuations in the prices of non-
ferrous metals (Chen et al. 2019). Since financial factors 
in different regimes have different action mechanisms, 
dynamic management control is required to assess the 
financial factors that influence fluctuations in non-ferrous 
metal prices. Policymakers should distinguish the regime 
state of the international market for non-ferrous metals, 
clarify the main drivers of fluctuation in non-ferrous metal 
prices in different regimes and take targeted measures. 
For example, when international non-ferrous metal prices 
rise steadily in the short term, regulators must focus 
on the reverse effect on the federal funds rate. In the 
downward cycle, the risk linkage between crude oil prices 
and non-ferrous metal prices is particularly significant. 
Regulators must therefore focus on monitoring the impact 
of international oil prices.

The analysis in Akram (2009) implies that shocks to 
real interest rates in the United States of America and 
to the real value of the dollar might be a useful indicator 
of movements in commodity prices and metal prices. 
However, the prices may temporarily overshoot their 
long-run values in response to real interest rate shocks, 
a feature that needs to be considered by monetary and 
fiscal authorities when responding to these shocks.

Hong et al. (2022) suggest that policymakers should 
improve the efficiency of information acquisition, ensure 
the truth and accuracy of the information and improve 
the market risk control system. The University of Houston 
Energy Fellows (2022), following the invasion of Ukraine 
by the Russian Federation, stress the importance of 
developing multiple supply chains for the energy transition 
and note the price tags involved in doing so.
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Transparency in metal price formation 

There are considerable concerns about the lack of 
transparency and the challenges in determining accurate 
prices in the minerals and metals market. These issues 
have real-world consequences for market participants 
and can have an impact on investment decisions, 
resource allocation and overall market stability. 
Addressing these challenges will require collaboration 
between industry stakeholders, regulators and technology 
providers to develop solutions that benefit all parties 
involved while maintaining market integrity.

The following issues need to be highlighted about the 
transparency of price determination:

	z There is a general absence of real prices for most 
minerals and metals, which can create uncertainty 
and inefficiencies in the market. Investors, producers 
and consumers rely on price information to make 
decisions, and the lack of accurate pricing data can 
hinder their ability to do so effectively.

	z Indicative spot prices are useful as a reference 
point, but they often fail to capture the nuances of 
the market. They are typically based on specific 
conditions and may not represent the broader supply 
and demand dynamics.

	z The lack of data on cash trades can make it 
challenging to understand market trends and 
fluctuations. Without comprehensive data, it is 
difficult to assess whether indicative spot prices are 
accurate or whether they are influenced by a small 
subset of trades.

	z Offtake agreements and long-term contracts play a 
crucial role in the minerals and metals market. These 
agreements can involve negotiated prices, which may 
not be publicly disclosed. They are essential for both 
producers and consumers to secure a stable supply 
and demand relationship.

	z The presence of trading houses in opaque tax 
havens can raise concerns about transparency 
and accountability. Such locations may facilitate 
confidentiality in trading activities, making it harder 
for regulators and stakeholders to monitor the market 
effectively.

Limited transparency in pricing and trading can lead to 
market inefficiencies, price manipulation and reduced 
competition. Participants in the market may be at a 
disadvantage if they do not have access to comprehensive 
pricing information. Potential solutions to address these 
issues include increased transparency in pricing and 
trading activities to ensure that a more accurate picture 
of the market is communicated to market participants. 
Regulatory authorities may consider measures to 
ensure that pricing information is more readily available 
and that market manipulation is discouraged. Industry 
organizations and associations could promote 
best practices for pricing and reporting to enhance 
transparency. More recently, technological solutions have 
been discussed, such as blockchain and other emerging 
technologies, which could be used to create more 
transparent and immutable records of transactions.

2.2.6 Conclusions

There are two main conclusions emerging from this 
commodity price analysis.

The first conclusion relates to the impact of commodity 
prices on the macroeconomy and sustainability transition. 
We highlight that commodity price surges, particularly 
related to energy commodities, can lead to inflation, 
supply chain disruptions and a cost-of-living crisis. 
Moreover, the uncertainties and instabilities in commodity 
prices can have an impact on the viability of sustainability 
transitions, especially those linked to renewable energy 
and transition minerals. It is therefore recommended 
that short-term macroeconomic policies and long-term 
sustainability policies should explicitly consider and 
manage commodity price risks, and macroeconomic 
stress testing should include risks from key commodities. 
  
The second conclusion derives from the fact that despite 
modern tools in economics and data science, the price 
formation and evolution of commodities are still not 
fully understood owing to a paucity of information. Most 
commodity markets are highly interconnected and 
vulnerable to price volatility, which may be triggered by 
strategic market actors. There is therefore a need for a 
global commodity price observatory that monitors and 
analyses price behaviour, promotes price transparency 
and establishes an early warning commodity price 
capacity that captures moves in market fundamentals. 
Subsequent steps could point towards establishing new 
trading rules that cover the emergence of systemic risks, 
as well as market manipulation.
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2.3 INVESTMENT ISSUES IN CHINA

33	 https://www.mnr.gov.cn/dt/kc/202305/t20230531_2789807.html.

2.3.1 Financing of minerals exploration 
in China

According to the China Mineral Resources Report 2022, 
Chinese investment in geological surveys in 2021 was 
RMB 97.3 billion (US$15.1 billion). Investment in the 
geological surveying of oil and gas reached RMB 79.9 
billion (US$12.4 billion). In addition, geological survey 
investment in non-oil and gas minerals was RMB 17.4 
billion (US$2.7 billion) in 2021, an increase of 1.0 per cent 
compared to 2019 before the pandemic, the first positive 
growth since 2013 (figure 2.1a). In 2021, 49.4 per cent 
of the geological survey investment of China in non-oil 
and gas minerals was for mineral exploration, reaching 
RMB 8.6 billion (US$1.3 billion) (figure 2.1b). Among 
investments in the geological survey of non-oil and gas 
minerals in China in 2021, financial investment from 
the Government of China was RMB 11.9 billion (US$1.8 
billion), accounting for 68.2 per cent of the total. Of this 
figure, RMB 4.2 billion (US$652 million), or 24.2 per cent 
of the total, was invested by the central Government, 
and RMB 7.6 billion (US$1.2 billion), or 44.0 per cent of 
the total, was invested by local governments. Moreover, 
private companies invested RMB 5.5 billion (US$857 
million), accounting for 31.8 per cent of the total in 2021 
(figure 2.1c). 

Governments at all levels in China have set up geological 
exploration funds, such as the Central Geological 
Exploration Fund, which is focused on supporting 
the preliminary exploration of scarce mineral species 
by investing in mineral exploration projects with 
high potential and potentially high risk. The central 
Government of China predominates, primarily owing to 
its leadership in exploring most large-scale and high-
quality mineral resources. However, a survey conducted 
by the Ministry of Natural Resources of China reveals 
that the majority of mining rights in the country are held 
by small-scale private companies with diverse business 
types.33 These facts highlight a deficiency in alternative 
financing channels, such as securities markets or 
investment funds in China, resulting in an imperfect 
market system for mineral exploration investments, 
especially for suboptimal mineral resources. Most private 
companies in China are involved solely as speculators 
and lack professional exploration technical capabilities. 
While State-owned geological exploration agencies play 
a crucial role in providing technical services, they are not 
the primary market entities.

Jose Luis Stephens © Shutterstock
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Figure 2.1: (a) Trend of the investment of China in geological surveys from 2011–2021; (b) Structure of 
investment types in the geological survey of non-oil and gas minerals in China in 2021; (c) Structure of funding 
sources in the investment of China in the geological survey of non-oil and gas minerals in 2021.
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Table 2.1: The non-oil and gas mineral exploration 
investment of China in 2021

Mineral
Investment 
(100 million 

RMB)

Year-over-
year growth 

(%)

Drilling 
completed 

(10,000 
metres)

Year-over-
year growth 

/ %

Nationwide 85,85 4,1 637 20,6

Coal 13,49 10,3 52 -46,9

Iron ore 4,34 75 35 75

Manganese 0,8 -48,1 4 -50

Copper 6,55 6,9 33 -2,9

Lead-zinc 5,95 -7,2 60 30,4

Bauxite 3,04 5,6 29 -9,4

Nickel 0,45 4,7 1 -50

Tungsten 1,58 -0,6 15 25

Tin 0,38 -50,6 4 0

Molybdenum 0,55 -6,8 5 25

Gold 10,9 4,3 76 8,6

Silver 1,12 -18,2 8 -11,1

Phosphate 1,46 18,7 10 11,1

Graphite 1,8 13,9 15 36,4

Potash 1,02 21,4 3 50

Source: Ministry of Natural Resources of China. (2022). China Mineral 
Resources

Regarding the investment of China in non-oil and 
gas mineral exploration, as indicated in table 2.1, the 
country’s domestic mineral exploration of non-oil and gas 
minerals is dominated by coal, gold, lead, zinc, uranium 
and copper, accounting for 51.2 per cent of the total 
investment in mineral exploration in 2021.

In 2021, the investment of China in mineral exploration 
for non-oil and gas minerals (RMB 8.6 billion (US$1.3 
billion)) rebounded from RMB 8.2 billion (US$1.3 billion) 
in 2020. As for funding structure, RMB 1.6 billion 
(US$245 million), or 19.1 per cent of the total, came from 
the central Government in 2020, a decrease of 28.1 per 
cent year-on-year; RMB 2.8 billion (US$432 million), or 
33.8 per cent of the total, came from local government 
in China, an increase of 26.5 per cent year-on-year; 
and RMB 3.9 billion (US$602 million), or 47.1 per cent 
of the total, came from private companies, a decrease 
of 11.9 per cent year-on-year. In 2021, the provincial 
geological exploration funds invested RMB 1.8 billion 

(US$273 million) in mineral exploration for non-oil 
and gas minerals, accounting for 20.5 per cent of the 
investment of China in mineral exploration for non-oil 
and gas minerals (RMB 8.6 billion (US$1.3 billion)) and 
39.9 per cent of government investments in mineral 
exploration for non-oil and gas minerals (RMB 4.4 billion 
(US$685 million)). In 2021, 414 mineral exploration 
projects were implemented, with the most funds invested 
in gold, geothermal, copper, bauxite and coal. Among 
them, the provincial geological exploration funds invested 
in 85 mining areas, including 35 large, 29 medium and 
21 small mining areas.

Overall, the investment of China in mineral exploration of 
non-oil and gas minerals declined significantly from 2012 
to 2020 (figure 2.2), with the 2020 figure only 19.9 per 
cent of that in 2012. Constrained by domestic resource 
endowment, China faces high extraction costs for non-oil 
and gas minerals, dampening the enthusiasm of Chinese 
companies to make domestic investments in mineral 
exploration of non-oil and gas minerals. The largest 
decrease comes from reduced funding from private 
companies, which is only 13.8 per cent of the amount 
received in 2012, directly leading to the decrease in 
Chinese investment in mineral exploration for non-oil and 
gas minerals; the funds from local government are only 
28.7 per cent of the amount received in 2012; the funds 
from central Government finance is 44.1 per cent of the 
amount received in 2012. The top five provinces (regions) 
in China in terms of investment in mineral exploration 
for non-oil and gas minerals are Inner Mongolia (13.9 per 
cent), Xinjiang (12.1 per cent), Guizhou (7.9 per cent), 
Jiangxi (6.6 per cent) and Qinghai (5.7 per cent). 

As shown in figure 2.3, the total domestic fixed asset 
investment of China (initial capital expenditure) in the 
mining industry turned from a decline to an increase 
in 2021. In 2020, fixed asset investment in the mining 
industry of China declined by 14.1 per cent from the 
previous year, but it increased by 10.9 per cent in 2021. 
Specifically, the fixed asset investment of China in mining 
of coal, ferrous metals and non-ferrous metals has 
recovered to pre-pandemic levels, increasing by 11.1 per 
cent, 26.9 per cent and 1.9 per cent, respectively, during 
2020. Moreover, the fixed assets investment of China 
in oil and gas increased by 4.2 per cent compared to 
2020, but was still about one-third lower than in 2019. 
Finally, fixed asset investment in non-metallic minerals 
has increased by 26.9 per cent compared to 2020, 
maintaining the momentum of sustained growth.
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Before 2013, fixed asset investment in the Chinese 
mining industry had maintained a long period of growth. 
It laid a solid foundation for the country’s production 
capacity of major minerals. From 2013 to 2020, the 
fixed asset investment of China in the mining industry 

continued to decline owing to falling mineral prices and 
the pandemic. Even in 2017 when the prices of major 
mineral products rebounded, the fixed asset investment 
of China in the mining industry was only RMB 9.2 trillion 
(US$1.43 billion), down 10.0 per cent compared to 2016.

Figure 2.2: Investment structure of the non-oil and gas mineral exploration of China by funding source, from 2011 
to 2020

Source: China, Ministry of Natural Resources (2021).

erlucho © Shutterstock
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Figure 2.3: Changes to the fixed asset investment of China in the mining industry from 2011 to 2021
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2.3.2 Investment in minerals extraction 
and processing worldwide

Since China started its reform and opening-up policy in 
the 1980s, mining has gradually become a major area of 
overseas investment for Chinese companies. According to 
Wang et al. (2022), mining accounted for as much as 20-
40 per cent of the overseas investments of China before 
2013 and reached a peak of US$24.8 billion in 2013. The 
figure has declined year by year since then, with a sum of 
only US$4.6 billion of Chinese overseas mining investment 
in 2018. Based on the cyclical changes in investment fever, 
as well as different investment subjects and investment 
characteristics, the overseas mining investments of China 
can be roughly divided into three phases.

Phase I - Initial stage - Discovering 
opportunities (before 2004):

The overseas mining investments of China started in 
the late 1980s, with 70 per cent of the main investment 
bodies being large State-owned mining companies 
and 30 per cent being private companies. Most mining 
projects in this phase were developed in the context 
of intergovernmental cooperation. Of these, 39 per 
cent of the mining projects were developed through 
cooperative operations with foreign companies. In this 
phase, as many as 78 per cent of these projects were 
put into production. Most of these mining projects have 
survived 30 years of bumpy development and are still 
economically viable.
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Phase II - Rapid Growth (2004–2013):

Beginning in 2004, Chinese mining companies began 
to invest abroad on a large scale, with the number of 
projects reaching a peak in 2011 (figure 2.4). Until 2013, 
the proportion of mining investment in the overseas 
investment of China has remained high, with an average 
share of 20 per cent. In this phase, in addition to large 
State-owned companies, private companies began to 
get more involved in overseas mining investments, and 
the proportion of their investment projects increased 
to 47 per cent, with many cross-industry companies 
involved. The proportion of companies from trading, 
manufacturing, construction and real estate industries 
in overseas mining investment increased to 24 per cent. 
In this phase, the pattern of Chinese participation in 
global mineral resource allocation was established. 
However, many irrational investments also occurred 
during this phase. For instance, the majority of mining 
rights acquired by Chinese geological exploration 
units were lost during this phase. Meanwhile, a lack of 
understanding of the rules of the international mining 
industry and due diligence on mining projects resulted 
in investment in many mines that were later suspended 
(Liu 2012).

Phase III - Transformation and Development 
(2014–present):

Since 2014, the enthusiasm of Chinese companies for 
overseas mining investment has continued to decline. 
As shown in figure 2.4, the number of Chinese overseas 
acquisitions and mergers and acquisitions projects 
showed a decreasing trend from 2016 to 2019. The 
proportion of mining in Chinese overseas investment 
dropped to 5 per cent. However, the proportion of large-
scale mining projects is increasing, reaching 62 per 
cent in 2021. Meanwhile, along with the accelerated 
competition in the mining industry, large Chinese State-
owned companies and companies in the mining sector 
have regained their dominant position in the overseas 
investments of China. In this phase, Chinese companies 
increased their investment in minerals for manufacturing 
battery cathodes (lithium, cobalt and nickel) and copper, 
with the number of projects rising by 44 per cent and 26 
per cent respectively compared to Phase II. Meanwhile, 
Chinese companies’ investment in iron ore and coal 
decreased significantly, with a decrease of 49 per cent and 
40 per cent respectively. Notably, 40 per cent of Chinese 
companies’ overseas mining projects progressed to the 
production stage during this time period.

Figure 2.4: (a) A world map showing Chinese companies’ overseas mergers and acquisitions deals by time intervals; 
(b) Number of Chinese companies’ overseas acquisitions and mergers and acquisitions projects, 1990–2019
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Source: China, Ministry of Natural Resources (2021). 

According to the S&P database, as of the end of 
June 2021, there were at least 679 overseas mining 
acquisitions and mergers and acquisitions projects by 
Chinese companies. The projects with clear information 
are dominated by copper (25 per cent) and gold (22 per 
cent), with fewer other minerals as primary commodities 
(figure 2.5). In terms of the total amount of funds for 
these mergers and acquisitions projects (including 
completed and proposed mergers and acquisitions), the 
mineral with the highest cumulative amount is lithium, 

accounting for more than 40 per cent, followed by copper 
and gold. On the one hand, it shows Chinese companies’ 
preferences for investing in overseas copper resources 
in previous years owing to the poor copper resource 
endowment of China and huge demand for copper 
ores. On the other hand, it shows Chinese companies’ 
also have a preference for investing in overseas lithium 
resources in recent years as a result of the rise of the 
electric vehicle industry in China.

Figure 2.5: Number of Chinese companies’ overseas acquisitions and mergers and acquisitions projects by major 
mineral commodity as of the end of June 2021
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Data source: S&P Global Market Intelligence as cited in the Global Mineral Resources Situation Report, China Geological Survey Bureau
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The distribution of mining projects by country shows 
that the overseas investment of China in the mining 
industry is uneven (figure 2.6). As of June 2021, the 
overseas investment of China in mining projects was 
mainly concentrated in Australia, with 38.0 per cent of 
the total number of overseas projects invested, followed 
by Canada with 8.0 per cent. Chinese mining companies 
also have significant investment projects in Indonesia 
(5.5 per cent), the Democratic Republic of the Congo (4.4 
per cent), Zambia (4.0 per cent) and Serbia (3.9 per cent).

In terms of regional distribution, as of June 2021, the 
overseas investment of China in mining projects was 
mainly concentrated in the Asia and the Pacific region, 
with the number of projects accounting for 51 per cent 
of investment, followed by the African region with 19 per 
cent (figure 2.7). In addition, Chinese mining companies 
have invested 19 per cent, 11 per cent and 9 per cent of 
their mining projects in Europe, Latin America and the 
Caribbean, and the United States of America and Canada, 
respectively.

Figure 2.6: Number of Chinese companies’ overseas acquisitions and mergers and acquisitions projects by 
country as of the end of June 2021
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Figure 2.7: Number of Chinese companies’ overseas 
acquisitions and mergers and acquisitions projects by 
region as of the end of June 2021
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Overall, the overseas mining investments of China have 
become increasingly rational, stable and precise in recent 
years, and its strategy of global resource allocation has 
become more mature.

2.3.3 Conclusions

The investment patterns of China in the domain of 
mineral exploration, particularly concerning non-oil and 
gas minerals, have undergone significant shifts over 
the past decade. The nation’s spending on geological 
surveys and mineral exploration saw a period of decline 
from 2012 to 2020, but began showing signs of revival 
in 2021. Notably, the increased investments from 
local governments have played a pivotal role in this 
resurgence, while private sector funding has dwindled 
in comparison to previous years. The preference for 
investing in specific minerals has also transitioned, 
emphasizing those directly contributing to the 
burgeoning new energy sector, such as lithium and 
cobalt. Moreover, since the initiation of its reform and 
opening-up policy in the 1980s, the approach of China 
towards overseas mining investments has evolved 
through three discernible phases: the initial stage of 
discovering opportunities; a period of rapid growth; 
and a current phase focused on transformation and 
development. These overseas ventures are now more 
distributed, mature and strategic, targeting regions 
and minerals essential for the long-term growth and 
technological advancement of China. Emphasizing 
regions such as the Asia and the Pacific region and 
minerals such as copper and gold, China continues to 
solidify its position in global mineral resource allocation. 

Nordroden © Shutterstock
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2.4 INVESTMENT ISSUES IN AFRICA

34	 The Africa Mining Vision is a comprehensive governance framework that is aimed at integrating mining into industrial and trade policy and 
extricating Africa from its historical role as an exporter of raw materials to become a manufacturer and supplier of knowledge-based goods 
and services. It espouses a developmental approach meant to break mining enclaves by fostering economic and social linkages between the 
extractive sector and other sectors of the local economy, promoting resource-based industrialization and economic diversification, developing 
socioeconomic infrastructure for broader use and accelerating regional integration (https://www.africaminingvision.org/about.html).
35	 South Africa was a net exporter of mining equipment, with a 37 per cent market share in sub-Saharan Africa in 2009 (Kaplan 2011).

The previous section has shown the way in which China 
has strategically employed the power of the State over 
20 years to mobilize investment in the extraction and 
processing of minerals and metals.

A similar strategic approach for African countries is 
articulated in the Africa Mining Vision.34 This has the 
following objectives for the African mineral sector: 
“(i) increasing local upstream support (supplier/input 
industries) sectors; (ii) enhancing downstream industries 
based on increased local beneficiation and value 
addition of goods; (iii) facilitating lateral migration of 
mining technologies to other industries; (iv) increasing 
social and human knowledge and institutional capital 
(which can be used in other sectors); (v) promoting 
the development of sustainable livelihoods in mining 
communities; and (vi) creating small- and medium-
sized enterprises and a more balanced and diversified 
economy with greater multiplier effects and potential to 
create employment” (African Union 2009, p. 5).

2.4.1 Financial benefits and costs 
of mining in Africa

Mining is an important contributor to African economies, 
as shown in table 2.2. Indeed, mining can bring huge 
financial and social benefits. However, as an individual 
mine only has a limited lifetime, defined by its reserves 
and the extraction rate of these reserves, these 
benefits may only be temporary, if minerals and metals 
production activities are not managed with clearly defined 
intergenerational sustainability objectives to reduce 
negative environmental and social activities, as laid out by 
the International Resource Panel (IRP) (2020) and in this 
report. Otherwise, there is a risk that the sudden influx of 
wealth from mining activities may lead to unsustainable 
squandering of the temporary rent. Past phosphate mining 
in Nauru, and the large but temporary wealth it bestowed 
on its habitants, is one sad example of unsustainable 
resource revenue use (Clifford et al. 2019). 

Depending on governance and governance capacities, 
both at the level of companies and of public authorities, 
mining can deliver long-lasting benefits or long-lived cost 
legacies (Stilwell et al. 2000; Ge and Lei 2013; Fleming 
and Measham 2014; Tserkezis and Tsakanikas 2016; Ge 
and Kinnucan 2017; Moritz et al. 2017; Sulista and Rosyid 
2017; Gildermeister et al. 2018). Mining legacies can 
have an impact on human health and the environment 
for decades, centuries and beyond, long after the end 
of mining and metallurgical activities. The remediation 
costs of a single large-scale industrial site can be close 
to US$1 billion (Jerrold 2000; Canada, Government of 
the Northwestern Territories, Indian and Northern Affairs 
Canada 2010), with the risk of additional recurring costs 
to occur for an undefined, but very long, number of years. 

Benefits from mining come from public direct and 
indirect mining-related revenue (royalties and taxes) 
and from industries created downstream or to support 
mining activities. Though mining has a long history in 
Africa, only one country, Botswana, has been able to 
achieve high living standards for its citizens (Sebudubudu 
and Mooketsane 2016). South Africa has also done well 
in establishing a strong local mining and mining services 
sector (Leeuw and Mtegham 2016).35 This remains very 
fragile given the worsening South African political, social 
and economic situation, evidence of these being provided, 
for instance, by the deep problems in Eskom (the State-run 
energy monopoly of South Africa), with severe blackouts 
that threaten, inter alia, the viability of its minerals and 
metals industry. Whether the successes in Botswana and 
South Africa can be replicated elsewhere in Africa is a major 
question. Indeed, this concern has seen governments and 
development partners look for new means of leveraging 
mining to drive economic transformation through local 
content and local value addition mandates (see Chapter 3).
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Table 2.2: African countries with a 2018 share of minerals in exports of more than 20 per cent

Country Mineral export contribution 
2018 (percentage of exports) 

Production value 2018 
(percentage of GDP) 

Mineral rent 
(percentage of GDP) 

Botswana 91.5 13.39 0.54 

Democratic Republic of the Congo 91.1 32.97 16.17 

Guinea 82.6 14.30 9.68 

Burkina Faso 76.6 16.06 9.64 

Zambia 76.1 20.64 14.62 

Mali 75.6 16.04 6.00 

Mozambique 67.2 11.13 0.62 

Sierra Leone 59.1 12.61 0.96 

Rwanda 55.6 0.01 0.28 

Burundi 53.1 0.27 0.91 

Namibia 50.6 6.61 4.19 

Zimbabwe 44.5 17.00 3.74 

Sudan 40.6 12.15 12.70 

Mauritania 40.5 20.34 14.88 

South Africa 40.2 10.26 2.20 

Liberia 39.7 14.29 8.29 

Ghana 38.3 8.48 5.65 

Lesotho 32.2 0.74 0.00 

Niger 29.4 0.32 0.23 

Madagascar 27.2 4.03 1.60 

Togo 25.8 0.00 7.21 

United Republic of Tanzania 25.3 2.96 2.16 

Senegal 24.2 2.55 1.11 

Uganda 23.4 0.02 0.14

Source: International Council on Mining and Metals (2020).

36	 An ideal mining legislative framework would include modest royalties and taxes that should be paid for the benefit of the country and local 
community and on the basis of the recovered value extracted.

2.4.2 Contribution of mining 
to fiscal revenues

The most straightforward benefit of mining comes from 
the capture of revenue generated from sales and exports, 
mainly through taxes and royalties.36 From a distribution 
perspective, the key claimants are the mining company, 
the government and the community where mining is 
done. The distribution is usually determined by law and 
stipulated in mining contracts, but the latter are rarely 
made publicly available to the detriment of concerned 
communities. 

However, this does not necessarily mean the distribution 
is equitable. It may be undermined by taxation base 
erosion, transfer pricing and other “creative” tax evasion 
processes, as well as by plain corruption. There have been 
concerns that mining companies, on account of better 
resources and better information, can get contracts that 
are more favourable owing to better negotiation capacity 
and government desperation to attract investment (Kimani 
2009). Also, as a result of their complex organizational 
structures, companies can often avoid paying taxes, such 
as through transfer pricing. 
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Tackling illicit financial flows from the sector is also a key 
global governance issue for many resource-rich African 
countries confronted with utmost poverty. Owing to the 
opaqueness of illicit financial flows, robust estimates of 
the magnitude of their impacts on African economies 
are impossible to establish. Consequently, estimates 
vary widely. The International Monetary Fund (Albertin 
et al. 2021) estimates that key sub-Saharan African 
countries that produce minerals and metals “are losing 
between US$470 million and US$730 million per year 
in corporate income tax on average from MNE [multi-
national enterprise] tax avoidance”. The African Union 
and the United Nations Economic Commission for Africa 
(2021) estimate that Africa loses a further US$50 billion 
annually to illicit financial flows related to the extractive 
sector (oil, gas and minerals), noting that “these 
estimates may well fall short of reality because accurate 
data do not exist for all African countries, and these 
estimates often exclude some forms of illicit financial 
flows that by nature are secret and cannot be properly 
estimated, such as proceeds of bribery and trafficking 
of drugs, people and firearms”. Central governments 
collect revenues from mining activities through taxes and 
royalties. 

The assumption is that these revenues will benefit the 
economy by being invested in other productive sectors. 
However, there has been scepticism about this as 
revenues from mining resources are not automatically 
directed to the production of goods and services in 
other sectors (Diestche and Esteves 2020). Indeed, 
there has been a tendency for these revenues to fuel 
patronage networks, with the political elites capturing 
a big share of benefits (IRP 2020). Through such 
mechanisms, resource abundance has tended to cause 
economic deterioration, with the so-called ‘resource 
curse’ (Natural Resource Governance Institute 2015) 
leaving communities with little additional income and 
with the environmental consequences of mining and 
metallurgical activities. Many countries have sought to 
renegotiate contracts, mainly through changes to mining 
tax regimes, including windfall taxes. For instance, in 
2008 the Government of Zambia revamped its mining tax 
code to increase its take from mining: corporate income 
tax was increased from 25 per cent to 30 per cent and 
royalties rose from 0.6 per cent to 3 per cent, and a 25 
per cent tax on windfall profits was instituted, along with 

37	 The Government first annulled the existing mineral development agreements. These were individual mine-by-mine agreements that had 
earlier prevented the Government from legally enforcing legislative fiscal adjustments. There were stability clauses in the mineral development 
agreements that were supposed to override and protect against legislative changes made locally (also prescribing international arbitration if this 
occurred) (Lundstøl and Isaksen 2018).
38	 https://investingnews.com/daily/resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/.

a 15 per cent profit variable tax (Investing News Network 
2013).37 However, the aggressive approach of Zambia 
saw many companies start to reconsider their capital 
investments in the country, including investments in the 
kind of specialized smelting equipment needed to process 
cobalt. That may have been why Zambian cobalt output 
plunged by more than 50 per cent by 2012 compared to 
2008. Indeed, the Government of Zambia scrapped the 
controversial windfall profits tax in 2010 to appease 
investors (Investing News Network 2013).38

Communities where mining takes place tend to benefit 
the least from mining revenues. Macdonald (2018) points 
out that although the total benefits from mining may be 
large, these benefits accrue predominantly at the national 
level and are typically concentrated in the hands of those 
in power and in capital cities. In many countries, the 
mineral resources are owned by national governments. 
Although local governments and communities may get 
a share of the revenues by law, this tends to be small. 
For instance, the sharing of benefits in Kenya gives 
communities 10 per cent of mining royalties (Ngeno 
2022), 10 per cent in the Democratic Republic of the 
Congo, 20 per cent in Ghana and 3 per cent in Uganda 
(Wankhede 2020).

Maksim Safaniuk © Shutterstock

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

78

https://investingnews.com/daily/resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/


2.4.3 Infrastructure for minerals and 
resource-financed infrastructure

An emerging model being driven by China is 
infrastructure provision in exchange for minerals. 
This has potential good benefits as Africa suffers an 
annual infrastructure financing gap of between US$68 
billion and US$108 billion (African Development Bank 
2018). Sub-Saharan African countries are already 
involved in five dozen Chinese resource-backed loan 
arrangements totaling US$66 billion (Aluminium Insider 
2020). For example, in 2017, China agreed to loan 
Guinea US$20 billion in the form of an infrastructure-
for-minerals39 concession. The deal guarantees three 
Chinese bauxite mining projects whose revenues will 
repay the loan over 20 years. This model has also 
been applied in the Democratic Republic of the Congo 
(for a copper concession) and in Ghana (for a bauxite 
concession). While this model provides badly needed 
infrastructure, the model has been criticized as not 
providing equal benefits. Benefo and Addaney (2021) 
argue that if commodity prices fluctuate, it might 
affect the revenue generated from the production and 
sale of these natural resources. Furthermore, these 
deals are mainly to the benefit of Chinese construction 
companies, who often receive the building contracts for 
these Chinese loans,40 as well as creating jobs for many 
Chinese people living in Africa.41 Broadly, it has also been 
pointed out that these kinds of loans will introduce fiscal 
distortions (see Chapter 5).

Perhaps a more damaging aspect of these types of 
deals is the fact that resource-financed projects tend 
to be conflated with bigger government development 
plans. The fact that the government is under political 
pressure to deliver this kind of big infrastructure plan 
means that the various instruments of government 
charged with ensuring the sustainability of mining 
projects tend to be compromised. In an analysis of a 
Ghanaian resource-financed infrastructure project, Neal 
(2021) notes that although internationally accepted best 
practices dictate that the Government of Ghana should 
have performed a strategic environmental assessment 
at the conceptual stage of the country’s integrated 

39	 https://www.reuters.com/article/us-guinea-mining-china/china-to-loan-guinea-20-billion-to-secure-aluminum-ore-idUSKCN1BH1YT.
40	 https://www.ccpwatch.org/single-post/2020/02/27/resource-backed-loans-revisited-infrastructure-for-aluminum-in-ghana-and-guinea.
41	 https://www.economist.com/middle-east-and-africa/how-chinese-firms-have-dominated-african-infrastructure/21807721.

aluminum industry plan before the Government pledged 
to rely on revenues from its domestic aluminium industry 
to satisfy its infrastructure loan obligations, Ghana 
has not performed one. This can be partly attributed 
to ambiguous provisions of Ghanaian environmental 
assessment laws that do not clearly state whether a 
strategic environmental impact assessment is required 
for government sectoral plans and that fail to establish 
procedures for performing strategic environmental 
assessment. Further, the Ghanaian Environmental 
Protection Agency is likely to issue environmental 
permits for all planned projects because Ghanaian law 
provides the Agency with a high level of discretion in 
issuing environmental permits and the decision-making 
processes of the Agency are influenced by presidential 
priorities and politics (Neal 2021).

2.4.4 Conclusions 

The African continent possesses an abundance of 
mineral resources that play an integral role in its 
economic landscape. While mining activities present 
substantial financial benefits, both directly through fiscal 
revenues and indirectly through related industries, they 
also come with significant challenges. The temporary 
nature of mining revenues, coupled with a lack of 
sustainable management practices, has historically led 
to short-lived financial booms, followed by long-standing 
socioenvironmental costs. Botswana has successfully 
leveraged its mineral wealth to transform the national 
economy, but whether such successes will be replicated 
across the continent remains an open question. 

The Africa Mining Vision presents a comprehensive 
strategy to optimize the benefits from mining, focusing 
on several pillars from local supplier development 
to promoting sustainable livelihoods in mining 
communities. However, the effectiveness of this vision 
largely depends on governance structures at both the 
corporate and governmental levels. History shows that 
without adequate governance, mineral wealth can lead to 
economic deterioration and the so-called resource curse, 
where economic gains are offset by sociopolitical issues 
and environmental degradation. 
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The rise of resource-financed infrastructure, particularly 
influenced by Chinese investments, offers a potential 
solution to the infrastructure deficit of Africa. However, 
these deals often tilt benefits towards external actors 
and might compromise domestic sustainability 
standards owing to intertwined political agendas. 
The need for critical analysis and clear governance 
mechanisms has become evident to ensure equitable 
distribution of mining benefits and to safeguard long-
term environmental and socioeconomic well-being. 

The transition to a green economy and the rising 
concerns in some developed countries regarding 
their dependence on critical minerals from China (or 
a few suppliers), the so-called near-shoring, offers 
a new opportunity to develop new strategies to 
leverage the abundance of critical materials in Africa. 

The Governments of the United States of America, 
the Republic of Korea and Japan have started to re-
engage more directly with the mining sector in Africa 
as they seek to guarantee security of supply. African 
governments need to be more proactive in shaping their 
engagement with both China and the West. The African 
Development Bank is currently developing an Africa 
Green Minerals Strategy with its partners: the African 
Union/Africa Mineral Development Centre, the United 
Nations Economic Commission for Africa and the Africa 
Legal Support Facility.

In conclusion, while mining in Africa offers substantial 
financial opportunities, the continent’s challenges lie 
in optimizing these benefits in a sustainable manner, 
ensuring that gains are not ephemeral but lead to lasting 
positive change for most of its people.

2.5 INVESTMENT ISSUES IN SOUTH AMERICA

2.5.1 Royalties and taxation related 
to mining in South America

Tax instruments for mining

In South America, mineral resources are public domain 
assets: they belong to the State and, through it, to its 
citizens, which means that the State has the sovereign 
right to decide how and under what conditions these 
resources are exploited. For many countries, mineral 
resources represent a significant proportion of their 
wealth, and their proper management can have very 
positive effects for inclusive economic development.

One of the essential elements for extractive activity to 
generate sustainable benefits and promote intra- and 
intergenerational equity is to have a tax regime that 
allows adequate appropriation, use and distribution 
of economic rent. However, the design of such a 
tax regime presents technical and administrative 
challenges, which are linked to the exclusive 
characteristics of the extractive activity, and others that, 
without being exclusive, are exacerbated in this sector. 
Among these characteristics, it is worth mentioning the 
prospects of high economic rents, high sunk costs and 

long production periods, the uncertainty of the industry, 
State ownership of resources. the existence of limited 
and non-renewable resources, and the impacts of the 
activity on communities and the environment.

For the exploitation of non-renewable natural resources, 
States essentially have three strategies (Nakhle 2010). 
The first is to exploit resources independently, through 
a State company that explores, produces and markets 
the products. The second is by delegating these 
activities entirely to private companies. The third is a 
hybrid of the two. In South American mining, the second 
strategy prevails, except for in Chile, where the main 
copper miner is the State company Codelco, and in 
the Plurinational State of Bolivia, which created a State 
company to exploit lithium (YLB).

It is important to point out that these two experiences 
of State companies have had different results. Codelco 
was created in 1971 with the copper nationalization 
process. It is currently the largest copper company in 
the world and is responsible for almost 30 per cent of 
copper production in Chile. On the other hand, YLB was 
created in 2017, with the responsibility of carrying out 
the national lithium strategy developed in 2013. This 
strategy gives the State, through YLB, the exclusive 
power to exploit lithium, and includes three stages: 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

80



(1) construction of lithium carbonate and potassium 
chloride pilot plants; (2) industrial scale production 
of lithium carbonate and potassium chloride; and (3) 
production of lithium-ion batteries. So far, only the 
first stage has been completed, while the inauguration 
of an industrial-scale plant has suffered successive 
postponements.

Regarding the ways in which the private sector 
participates in the exploration and exploitation of 
non-renewable resources, two types of regulatory 
frameworks or fiscal regimes are normally considered: 
concession systems and contract systems.

In the concession system, the State grants a company 
the exclusive right to explore, develop, produce, transport 
and commercialize non-renewable natural resources 
at its own risk and expense within a determined area 
during a specific period. If they remain underground, the 
resources remain the property of the State, but once they 
are extracted and the corresponding royalties and taxes 
are paid, the property passes to the private sector.

In the contractual system, the State appoints a 
contractor to carry out operations of exploration, 
development, production, transportation, and 
commercialization of resources in a determined area. 
The ownership of the production remains with the State, 
while the private company operates at its own risk, under 
the specifications of the contract and under the control 
of the State. If the exploration is successful and allows 
marketable production, the contractor will be entitled 
to receive compensation that covers investment and 
operating costs, plus a profit margin. The most common 
types of contracts are production sharing contracts and 
service contracts.

In South America, the contractual system is reserved 
for hydrocarbons, while in the mining sector only the 
concession system is used (Gómez-Sabaini et al 2015).

Normally, mining companies that hold concessions 
are subject to all the same tax obligations as most 
companies in other economic sectors. This includes 
company profit tax, capital gains tax, payroll tax, property 
tax, value added tax (VAT) and import duties. Similarly, 
they are usually obliged, like other taxpayers, to withhold 
another set of taxes, such as those on dividends paid to 
their shareholders, interest remitted abroad, payments 
remitted abroad for services, remuneration paid to their 
workers and social security.

However, in addition to the above, governments apply 
particular taxes to mining activity in order to extract part 
of the economic rents that it generates. At the same 
time, it is frequently the case that certain tax benefits are 
granted in respect of income tax, as a way of mitigating 
the risks inherent to the activity and stimulating 
investment.

Special taxes on mining are often called royalties. There 
are three such types: specific, ad valorem and on profits.

Specific royalties consist of a fee charged per unit 
of volume or weight. They are most often applied to 
industrial minerals or those that are sold in bulk. Its 
application is simpler than that of other methods, since 
it does not depend on price, production costs or other 
values that may be the subject of disputes (Otto et al. 
2006). Its main advantage is that it guarantees a stable 
income flow, and from the first year of exploitation, since 
it is independent of the mineral price cycle or the cost 
structure of the mining company. However, on the other 
hand, they do not allow for higher revenues in the event 
of windfall profits owing to the high end of the price 
cycle and, in general, they will contribute a relatively low 
proportion of the economic rents of the most profitable 
projects. In turn, it is an inefficient tax, since they are 
equivalent to an additional production cost, which must 
be paid even if the mining companies have losses. This 
means that the profitability of a mining project will be 
lower than for the alternative without royalty, so that some 
projects with lower profitability will not be carried out.

Ad valorem royalties consider as the tax base the value 
of the mineral extracted or sold, on which a rate that 
can be flat or variable is applied. Regarding the variable 
rate, it can grow depending on the total production of the 
mine or depending on the market price of the mineral. Its 
main advantage is that it ensures tax collection in all the 
years that the exploitation of the deposit lasts. However, 
there will be fluctuations, mainly owing to variations in 
the price of the mineral. Its main disadvantage is that, 
like the specific royalty, it equates to an additional cost 
of production, decreasing the amount of ore that is 
profitable to extract.
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Royalties on profits consider the profits of the mining 
company or another concept similar to profits as the 
tax base. There are variations of this general definition. 
Some jurisdictions allow only some of the expenses 
to be deducted or introduce certain adjustments in the 
calculation of the tax base. Its main advantage is that it 
is a more efficient alternative since the payment of taxes 
varies proportionally with the profitability of the project. Its 
main disadvantage is that it does not provide tax revenue 
when prices are low and companies make losses.

In addition to royalties, there are taxes on economic 
rents, for which there are several theoretical definitions, 
but few examples of application. Its purpose is to 
define as the tax base the economic rent generated in 
the exploitation of the mining deposit, on which a flat 
or progressive rate would be applied. A tax of this type 
is the most efficient, since it only taxes profits above 
normal, not affecting the returns required by investors.

Taxes of the general regime in South America

In all reviewed cases, the general tax regimes for mining 
in South America include taxes on profits with flat rates 
between 25 per cent and 35 per cent (see table 2.3). In 
most of the countries analysed, the taxable base is global 
profits, except in Bolivia (Plurinational State of), which 
taxes the net profits earned in the country. On the other 
hand, the tax regimes accept deductions such as the 
necessary and usual expenses for mining exploration and 
exploitation. In Bolivia (Plurinational State of) and Peru, 
the payment of other tax obligations specific to the mining 
activity can be deducted from the tax base of the profits 
tax. In Colombia and Chile, mining companies are allowed 
to amortize their exploration expenses over a maximum 
period of five and six years, respectively.

Regarding the carry forward of tax losses, in general this 
can be done within a period of five years, with a limit 
of 25 per cent of the annual profits in Ecuador. In Chile, 
tax losses can be amortized without any limit of time 
or percentage of the profits of future periods, while in 
Peru they can be offset from future profits with one of 
the following two systems, at the taxpayer’s choice: (i) 
against the net income generated within the following four 
fiscal years after the year in which the loss is incurred; or 
(ii) against 50 per cent of the net profit generated in the 
following fiscal years after the year in which the loss was 
generated, with no time limit to transfer the losses.

In the general regime, mining companies are also subject 
to other types of taxes such as a withholding tax on profits 
distributed to partners or shareholders. In the specific 

case of Chile, the partners or shareholders are taxed with 
an integrated system, which allows the income tax paid by 
the company to be discounted. In the case of non-resident 
shareholders, the final rate (company plus shareholder) is 
35 per cent.

Other types of taxes that make up the general regime are 
property taxes. In Bolivia (Plurinational State of) and Peru, 
there is a tax on financial transactions of 0.3 per cent and 
0.005 per cent, respectively, on all debits and credits from 
taxpayers’ bank accounts. Peru also applies a temporary 
tax on net assets of 0.4 per cent, on the historical value of 
the net assets of the company that exceeds approximately 
US$270,000. Another case is the new tax, called the 
Contribution for Regional Development, adopted in Chile 
in February 2020. This tax is levied at 1 per cent of the 
acquisition value of all the physical assets that comprise 
the same investment project, but only in the part that 
exceeds the sum of US$10 million.

Finally, a noteworthy aspect is that in almost all the 
countries analysed, mining companies enjoy a tax 
invariability regime that assures them, for a determined 
time, stability in their tax obligations. In Chile, Decree Law 
No. 600, promulgated in 1974, granted, inter alia, the right 
to foreign investors to sign a foreign investment contract 
with the State of Chile, in which they were guaranteed 
that a rate of 42 per cent as the total effective tax burden 
on earnings would remain unchanged for a period of 
10 years. Although this Decree was repealed in January 
2016, its effects remain until today, especially with 
respect to the royalty created in 2005.
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Table 2.3: General taxes on economic activities in South America

Country
Corporate income tax

Dividends 
(per cent) Other taxes (subsidies) Tax 

invariabilityRate 
(per cent) Deductions Depreciation

Argentina 35 Double deduction of 
exploration expenses
Carry forward tax 
losses up to 5 years
Royalties

Constructions: 3 years

Machinery and 
equipment: 3 years

7 Export duties (4.5 per cent)
Financial transactions (0.6 
per cent)
Refund to exports (1.5 per 
cent)

Yes

Bolivia 
(Plurinational 
State of)

25 Patents, royalties and 
mining interests
Exploration expenses
Environmental 
restoration expenses
Carry forward tax 
losses up to 5 years

Buildings: 40 years
Roads and facilities: 
10 years
Machinery: 8 years
Vehicles: 5 years

12.50 Financial transactions (0.3 
per cent)

No

Chile 27 Exploration expenses 
amortized in up to 6 
years
Carry forward tax 
losses without limits

Constructions: 16 
years
Machinery and 
equipment: 3 years
Installations in mines: 
1 year

8 (over 
gross 

dividend)

Regional Development 
Contribution (1 per cent of 
fixed assets for one time)

Yes

Colombia 30 (20 in 
free zone 
regime)

Exploration expenses 
amortized in up to 5 
years
50 per cent of the 
amount paid for tax on 
financial transactions
Carry forward tax 
losses to the up to 12 
years

Buildings: 45 years
Machinery, equipment 
and facilities: 10 years
Vehicles: 5 years
Hardware and 
software: 5 years

10 Financial transactions (0.4 
per cent)

Yes

Ecuador 25 Carry forward tax 
losses for up to 
5 years, with an 
amortization limit of 
25 per cent per year on 
the tax base.
Payment for employee 
participation 
contribution
Royalties up to 1 per 
cent of the tax base

Buildings: 20 years
Machinery, equipment, 
and facilities: 10 years
Vehicles: 5 years
Hardware and 
software: 3 years

10 Employee participation (15 
per cent of gross profits)

Equity (0.15 per cent)

Foreign currency outflow 
(5 per cent of the value 
of foreign currency 
transactions)

Yes

Peru 29.5 (31 
under a tax 
invariability 

regime)

Profit sharing payment 
to workers, tax on 
financial transactions 
and mining royalties.
Carry forward tax 
losses up to 4 years or 
against 50 per cent net 
income of subsequent 
years without time 
limit.

Vehicles: 20 per cent
Machines and 
equipment: 20 per 
cent
Equipment for data 
processing: 25 per 
cent
Other fixed assets: 10 
per cent
Buildings: 5 per cent

5 Employee participation (8 per 
cent of profits)

Financial transactions (0.005 
per cent)

Net assets (0.4 per cent)

Yes

Source: United Nations, Economic Commission for Latin America and the Caribbean (2022)
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Special taxes on mining activity in South 
America

All the special tax regimes for mining activities in 
South America include the payment of a royalty for the 
extraction and sale of minerals (see table 2.4). However, 
its design and application differ greatly depending on the 
country, being applied in a differentiated way according 
to the minerals, types of contracts or size of the 
companies. In Chile, the Specific Tax on Mining Activity 
is a progressive tax on the operating result of mining 
activity and corresponds conceptually to what was 
called royalty on profits. Created in 2005, the Specific Tax 
contemplates progressive rates according to the size of 
the company and the profit margin. Those companies 
whose annual sales are less than 12 thousand metric 
tons of fine copper are exempt from the Tax.

In Peru, there are three types of royalties that are applied 
to companies in the sector depending on whether they 
exploit metallic or non-metallic minerals, or if they have 
a tax invariability contract with the State. Until 2011, 
the mining royalty in Peru was paid on the value of the 
concentrate or its equivalent, according to international 
market prices, with progressive rates of 1 per cent to 
3 per cent depending on the range of sales of each 
company. In 2011, the law was amended, starting to 
consider the quarterly operating profit as the taxable 
base of the royalty and applying an effective rate that 
is a function of the operating margin for the quarter. 
This margin is the result of dividing the quarterly 
operating profit by the income generated by the sales 
of the quarter. Effective rates are in the range of 1 per 
cent to 12 per cent. On the other hand, the Special Tax 
on Mining (IEM) taxes the operating profit obtained by 
the subjects of the mining activity from the sales of 
metallic mineral resources. In this case, the effective 
rates are in the range of 2 per cent to 8.4 per cent. 
Finally, Peru adopted the Special Tax on Mining (GEM) 
that applies to the subjects of mining activity that have 
signed guarantee contracts and investment promotion 
measures with the State in accordance with the General 
Mining Law (contracts of legal stability). This tax has the 
same characteristics as IEM, but its effective rates vary, 
depending on the operating margin, in the range of 4 per 
cent to 13.12 per cent. The amounts paid for the mining 
royalty are deducted from the amount thus determined.

Another relevant case is that of the mining royalties 
applied in Ecuador. For metallic minerals, the royalty 
is equivalent to a percentage of the sale of the main 
mineral and secondary minerals. The rates are 3 per 
cent to 8 per cent of net revenue for medium and large-
scale mining and 3 per cent for small scale mining. 
For large mining, royalties are negotiated by contract; 
artisanal mining is exempt from paying royalties. In the 
case of non-metallic mining, the royalty corresponds to 
a percentage of production costs, with rates that vary 
between 10 per cent and 100 per cent, depending on the 
volume of annual production. Small non-metallic mining 
companies pay a royalty of 3 per cent of the mineral 
production cost.

On the other hand, in Bolivia (Plurinational State of) 
companies that carry out extractive activities of non-
renewable natural resources must pay an additional rate 
of 25 per cent on annual profits. The tax base for this 
surcharge results from the deduction of the following 
items from the tax base of the income tax: (i) a variable 
percentage, of the taxpayer’s choice, of up to 33 per 
cent of the accumulated investments in exploration, 
development, exploitation, benefit and environmental 
protection, directly related to said activities. This 
deduction is used in a maximum amount equivalent 
to 100 per cent of said investments; and (ii) 45 per 
cent of the net income obtained from each extractive 
operation of non-renewable natural resources during the 
declared fiscal year. There is also an additional rate of 
12.5 per cent, the purpose of which is to tax additional 
profits originated by favourable mineral and metal price 
conditions, which is applied on the same tax base as 
income tax. To encourage the transformation of raw 
materials in the country, the regulation provides that 
companies that produce metals or non-metallic minerals 
with added value will apply 60 per cent of the surcharge.
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Table 2.4: Special taxes on mining activity in South America

Country
Royalties

Other taxes
Land 
use 
chargeSpecific Ad valorem On profits

Argentina   3 per cent on mine head 
value     Yes

Bolivia 
(Plurinational 
State of)

…
Rates from 1 per cent to 
7 per cent depending on 
the product

Additional tax on extraordinary profits 
from extractive activities: 25 per cent

Surcharge of the corporate tax of 12.5 
per cent on extraordinary profits

… Yes

Chile … …

Progressive rates between 5 per cent 
and 14 per cent depending on company 
size and sales volumes (Specific Tax on 
Mining Activity)

  Yes

Colombia  …
Rates from 1 per cent to 
12 per cent depending on 
the product

… … Yes

Ecuador

Non-metallic 
products: rates 
from 10 per cent 
to 100 per cent 
on production 
costs depending 
on the size of the 
producer and tons 
of production.

Metal products: rates of 
3 per cent and 8 per cent 
depending on the size of 
the producer.

Sovereign Adjustment to Mining 
Exploitation Contracts (applies when 
the participation of the State in the 
economic rent is less than 50 per cent).

  Yes

Peru … …

Progressive between 1 per cent and 
12 per cent according to the operating 
margin of the quarter (Mining Royalty, 
Law No. 28.258 of 2004)

Progressive between 2 per cent and 8.4 
per cent depending on the operating 
margin of the quarter (Special Tax on 
Mining)

Progressive between 4 per cent 
and 13.12 per cent according to the 
operating margin of the quarter (Special 
Tax on Mining, tax invariability contracts)

Contribution to the 
regulatory body 
(OSINERGMIN)

Mandatory 
contribution to the 
Complementary 
Mining, Metallurgical 
and Steel Retirement 
Fund (0.5 per cent 
annual income before 
taxes)

Yes

Source: United Nations, Economic Commission for Latin America and the Caribbean (2022).

2.5.2 Government take and effective 
tax rates

An interesting question to answer is how effective tax 
regimes are in achieving a reasonable appropriation 
of economic rents by States. It is also interesting to 
evaluate the tax burden that mining companies must 
bear and the relative weight of the different types of 
taxes as this affects how attractive countries are for 
foreign investment.

In relation to this issue, the United Nations Economic 
Commission for Latin America and the Caribbean 
(ECLAC) (2022) analyses the fiscal frameworks for the 
exploitation of non-renewable natural resources in Latin 
America and the Caribbean. Based on the data of a 
typical copper exploitation project, the government take 
and effective tax rate are evaluated in several countries 
of the region, including Bolivia (Plurinational State of), 
Chile, Colombia, Ecuador and Peru. The project considers 
a fixed investment of US$2,093 million and an annual 
production equivalent to 125,000 metric tons of fine 
copper, exploitation of which lasts 25 years. The results, 
considering a long-term copper price of US$3.3/lb, are 
shown in table 2.5.
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Table 2.5: Government take and effective taxation rate in mining

  Bolivia Chile Colombia Ecuador Peru

Net present value before taxes (a) (m US$) 546 1,639 1,106 -137 1,310

Present value of taxes (b) (m US$) 911 819 972 550 943

Government take (b/a) (%) 166.9 50.0 87.8 - 72.0

Present value of profits (c) (m US$) 1,995 2,928 2,476 1,392 2,649

Effective tax rate (b/c) (%) 45.7 28.0 39.2 39.5 35.6

Source: United Nations, Economic Commission for Latin America and the Caribbean (2022).

The government take reaches its minimum value in Chile, 
with 50.0 per cent, followed by Peru, with 72.0 per cent, 
and Colombia, with 87.8 per cent. In the case of Bolivia, 
a government take of more than one hundred per cent 
is obtained, which means that the State appropriates, 
through taxes, an amount of resources greater than the 
economic rent generated by the project. In the case of 
Ecuador, given the high opportunity cost of investors, the 
project did not generate economic rents.

The effective tax rate behaves similarly, but at lower 
levels, which is consistent with its definition. In Chile, 
taxes are equivalent to 28.0 per cent of the financial 
profits generated by the project. They are followed, 
in ascending order, by Peru (35.6 per cent), Colombia 
(39.2 per cent), Ecuador (39.5 per cent) and Bolivia 
(Plurinational State of) (45.7 per cent).

The results depend on the assumptions of the model, 
in particular the price of copper. Figure 2.8 and figure 
2.9 show both indicators based on the price of copper. 
In the first graph it can be seen that in the five countries 
the government take is reduced as the price rises, which 
means that the tax instruments used are not progressive 
enough to achieve at least a proportional participation of 
the State in the economic rents generated by the project.

In turn, the analysis of effective tax rates shows that 
the tax regime is regressive in Colombia (the rate falls 
as the price, and therefore utility, increases), it is almost 
proportional in Ecuador and it is progressive in Bolivia 
(Plurinational State of), Chile and Peru. This has to do 
with the relative use of ad valorem and profit royalties. 
In Colombia, ad valorem royalties have a greater weight, 
which determines a very high effective rate when prices 
are low. Bolivia (Plurinational State of), Chile and Peru, on 
the other hand, mainly collect through royalties on profits, 
which determines a progressive effective rate structure, 
with fewer disincentives to invest.

The study concludes that Colombia and Ecuador rely 
heavily on ad valorem royalties, and that replacing 
these taxes with others on profits could mean gains in 
efficiency and progressivity. In turn, Bolivia (Plurinational 
State of) has a very burdensome tax regime for a mining 
project such as the one analysed, resulting in collections 
that are higher than the economic rent generated, at 
least with the long-term prices that have been assumed. 
Regarding Chile and Peru, it is concluded that they have 
defined reasonable tax instruments to tax mining activity, 
combining the corporate income tax with royalties based 
on profits.

Figure 2.8: Government take based on the price of 
copper
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Figure 2.9: Effective tax rate based on the price of 
copper
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In Jorratt (2022), the case of lithium in Argentina, 
Bolivia (Plurinational State of) and Chile is studied. The 
application of the tax systems of the three countries on 
an investment project for the exploitation of lithium in 
a salt flat is simulated, measuring the government take 
and the effective tax rate. The technical parameters of 
the lithium carbonate production project in the Cauchari-
Olaroz salt flat, in the province of Jujuy, Argentina, which 
is being executed by Minera Exar S.A., are used as a 
reference.

Figure 2.10 shows the estimates of the government 
take based on the price of lithium carbonate. In all three 
countries, when the price is low enough, at US$6,000 
per ton, for instance, the rate is higher than 100 per 
cent, which means that the State collects taxes, even 
though there is no economic rent. From a price of around 
US$10,000 per ton, the trajectory of the rates is different 
between countries. While in Argentina it continues to 
drop as the price rises, in Chile it tends to increase 
slightly and in Bolivia (Plurinational State of) it remains 
practically constant. This has to do with the design of the 
current taxes in each country. In Argentina, the corporate 
income tax is combined with flat-rate ad valorem taxes. 
The latter give it a regressive character, collecting a lower 
percentage of economic rent with increases with price. In 
Chile, on the other hand, lithium exploitations are subject 
to a progressive ad valorem royalty, where the rate rises 
rapidly as prices increase.

42	 The two operations currently in place in Chile are located in the Salar de Atacama, in sectors concessioned to the State agency CORFO. As the 
owner of these properties, CORFO has signed lease contracts for the mining properties with the companies that exploit lithium. These contracts 
establish rental income similar to an ad- valorem royalty, with progressive marginal rates of up to 40 per cent, depending on the price of the 
exported lithium compounds.

Figure 2.11 shows the effective tax rate based on the 
price of lithium carbonate. In the case of Argentina, a 
relatively flat effective rate of around 38.5 per cent is 
observed. In Bolivia (Plurinational State of) and Chile, 
on the other hand, it is growing. In Bolivia (Plurinational 
State of), the rate is increasing throughout the price 
range, reaching levels above 58 per cent at the maximum 
price considered. In Chile, the rate exceeds 50 per cent 
for prices around US$14,000 per ton. In both Argentina 
and Chile, taxation becomes regressive for low prices, 
because of ad valorem taxes, which are charged even 
when companies have losses.

The study concludes that an effective tax rate of 
around 60 per cent, such as the one that Chile and 
Bolivia (Plurinational State of) theoretically have, seems 
reasonable, and that Argentina is the country that has 
more scope to increase its tax collection in lithium 
mining. In turn, it is mentioned that the discussion of the 
tax burden of lithium in Bolivia (Plurinational State of) 
is not very relevant, as long as this country continues 
with the one hundred per cent state strategy. For Chile, 
it is emphasized that, although the effective tax rates 
are close to 60 per cent, this is largely the result of the 
contracts with the two current operators, and nothing 
ensures that a new lithium exploitation project would 
have the same conditions.42

Figure 2.10: Government take based on the price of 
lithium carbonate
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Figure 2.11: Effective tax rate based on the price of 
lithium carbonate
2.11

41,4
38,7 38,5 38,5 38,5 38,6

40,8

48,0

52,6
55,3 56,9 58,1

46,2

45,1 46,4
49,8

51,8 53,2

 30

 35

 40

 45

 50

 55

 60

Ra
te

 (%
)

Price ($/T)

Effective tax rate based on the price of lithium carbonate

6,000 8,000 10,000 12,000 14,000 16,000

Argentina Bolivia (Plurinational State of) Chile

Source: Jorratt (2022).

2.5.3 Conclusions

From the point of view of economic efficiency, the 
best special tax with which to tax mining activity is the 
economic rent tax. A tax with these characteristics 
does not produce the typical distortions of specific 
or ad valorem royalties, such as affecting the cut-off 
grade for minerals. However, a fiscal regime that relies 
on that single instrument will have the disadvantage of 
postponing the moment at which a project begins to 
generate income for the State or will lead to no income 
being received in years in which the price is not high 
enough to cover the opportunity cost of capital. That is

why specialists consider it a good practice for developing 
countries to combine various instruments, for example, 
an ad valorem royalty with a moderate rate, which 
guarantees income from the beginning of the operation; 
a corporate income tax, which guarantees income even 
when the yield obtained by the mining operator does not 
exceed the normal yield; and a royalty on profits or a tax 
on the economic rent of natural resources, which makes 
it possible to extract a greater portion of the economic 
rent of the extractive industry.

Ad valorem royalties also have the disadvantage of 
resulting in regressive tax regimes, in the sense that the 
effective tax rate is reduced as prices increase, wasting 
the opportunity to capture rents from those projects that 
are most profitable.

The tax regimes of South American countries are diverse, 
both in terms of the instruments used and the effective 
tax burdens. Chile and Peru rely mainly on royalties on 
profits, achieving lower efficiency costs and progressive 
structures, which allow more to be collected when 
prices are high. Bolivia (Plurinational State of) also 
uses royalties on utilities. However, these can lead to 
excessive tax burdens for certain projects, which can 
discourage investment. Colombia and Ecuador have 
preferred ad valorem taxes and would probably benefit 
from a gradual shift towards royalties on profits. For its 
part, Argentina, in the case of lithium mining taxation, 
is characterized by moderate taxation, with scope to 
increase collection.
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2.6 CONCLUSIONS OF THE CHAPTER

Easily the most important factor influencing investment 
in minerals is their current and expected future prices, 
which for highly traded minerals and metals are largely 
set globally. The factors that influence global prices are 
many and are still not well understood. Currently a large 
share of price behaviour remains unexplained owing 
to the lack of transparency of commodity markets. In 
particular, issues relating to market power, strategies of 
exercising stock holdings or production planning cannot 
be properly assessed at the moment. 

The fundamentals of supply and demand are undoubtedly 
important but these signals can be obscured by 
geopolitical issues and speculation in financial markets. 
The long lead times from exploration to production, 
and possible shifts in technologies, and therefore in 
the demand for specific minerals (see Chapter 5), also 
increase the price uncertainties with which prospective 
investors and mining companies need to contend. 

However, future demand for transition minerals generally 
seems certain to increase dramatically as a result of 
countries’ increasing commitment to the low-carbon 
energy transition, running the risk of significant price 
increases if the supply of these minerals fails to keep up 
with demand.

China has been investing strategically in the exploration, 
production and processing of transition minerals since the 
early years of this century, with investment being divided 
into different proportions over the years between private 
companies, and central and local governments. Chinese 
companies have also invested heavily in mining in other 
countries, most notably in Australia. This early investment 
has resulted in Chinese dominance of the production of 
many transition minerals discussed in Chapter 1.

Africa and South America are resource-rich continents 
with long histories of mining, and mining contributes 
substantial shares of exports, GDP and fiscal revenues 
for many countries in both regions. Mining countries in 
these regions are looking to benefit economically from 
the predicted increase in demand for transition minerals. 

In Africa, the key issues for investment are the stability 
of governance and policy, regulatory capacity and the 
skills of the labour force. Artisanal and small-scale mining 
contributes a significant proportion of African production 
of some important minerals, the financing of which is 
explored in detail in Chapter 7. Illicit financial flows are a 

key issue that rob many African countries of the fruits of 
the production of their resources that should contribute 
to their sustainable development by providing the finance 
to invest in capacity-building, downstream industries and 
infrastructure. Financial transparency in mining, backed 
by international regulation, is an important requirement to 
stop this haemorrhaging of vital funds from the African 
continent. 

In respect of South American countries that are 
important producers of minerals, this Chapter has 
been focused on their tax and royalty regimes, and the 
efficiency and effectiveness with which these regimes 
capture some proportion of the economic rents from 
mining for the State. It is shown that there is a balance 
to be struck as commodity prices change between 
guaranteeing a certain revenue for the State through ad 
valorem taxes, which in the extreme may make mining 
unprofitable at low prices, and taxes on profits, which will 
reduce State revenues when prices are low.

In conclusion, this Chapter has shown that the most 
important influence on investment in the production 
of minerals and metals is current and expected future 
prices, but that that these are volatile and the underlying 
causes of price movements are complex and not well 
understood. At the country level, investment risk can be 
reduced, and therefore investment encouraged, by good 
governance and regulatory stability, combined with a 
tax and royalty regime largely based on profits rather 
than turnover. This, in turn, emphasizes the importance 
of tackling illicit financial flows so that declared profits 
in a country truly reflect the economic activity that has 
been carried out there.

Many national governments whose annual budgets 
depend on international commodity prices are 
unprepared for sudden price movements in terms of 
macroeconomic planning. International commodity 
price shocks, of an intransparent and stochastic 
nature, thus drive inflation and consumption crunches, 
leading all the way to hunger and unrest in many 
countries. There is a need to build a more transparent 
and robust international system of natural resource 
management and macroeconomic planning (including 
sovereign debt management). Chapter 8 will introduce 
a recommendation for an international minerals and 
metals agency with this as part of its role.
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3.1 INTRODUCTION

The International Resource Panel (IRP) Mineral Resource 
Governance report (International Resource Panel [IRP] 
2020a) examined in detail the social and environmental 
implications of mining and concluded that there was 
a need to go beyond the conventional approach to the 
issues of seeking a social licence to operate by engaging 
with the full spectrum of sustainable development 
issues expressed in the United Nations Sustainable 
Development Goals. This broader approach would 
ensure that mining promotes sustainable development 
across the board for the local communities where mines 
are located, host national governments, countries that 
import the metals and minerals and, of course, the 
companies that extract them. The need for all involved 
in mining to obtain a sustainable development licence 
to operate is intended to encapsulate this broader 
sustainable development objective.

There is little to be gained by this report repeating the 
analysis and recommendations of IRP (2020a), which 
remain valid and relevant. The aim of this Chapter is 
therefore to recapitulate some of the points made in 
the earlier IRP publication, with a particular focus on the 
issues that are likely to affect investors’ perceptions and 
valuation of a project. On the economic side, these issues 
include local value addition and content, technology 
adoption and employment, and other environmental, 
social and governance (ESG)-related issues. This Chapter 
addresses local value addition and content, technology 
adoption and employment from an African perspective, 
with a brief look at artisanal and small-scale mining, the 
financing of which is discussed in more detail in Chapter 
7. ESG-related issues are also discussed later (Chapters 
5 and 6) in the context of the ESG concerns that are 
increasingly being considered by both mining companies 
and the finance sector.

One of the environmental, social and governance issues 
that is explored in more detail in the second section of 
this Chapter is equity. The analysis shows that there is 
substantial discrimination against women in mining, and 
there are many barriers to their equal participation in 
the sector. The section shows how these issues can be 
addressed.

The final section of this Chapter turns to the 
environment. It briefly reviews the issues of energy 
use and climate impacts, water quantity and quality, 
and waste, before dealing with the impacts of mining 
on biodiversity in more detail, in view of the Fifteenth 
Meeting of the Conference of the Parties (COP15) of 
the United Nations Convention on Biodiversity held in 
2023. Its outcome, the Global Biodiversity Framework, 
addresses pollution risks, brings land-use planning to 
the fore and seeks co-benefits and synergies of finance, 
targeting both the biodiversity and climate crises. 
The section shows that in addition to triggering and 
contributing to land conversion generating biodiversity 
impacts, an important and underappreciated set of 
impacts on biodiversity are generated in and transferred 
through freshwater habitats.

These are some of the most important issues which 
mining, and the investors that finance mining, will 
need to address if mining is to fulfil its potentially very 
important contribution to sustainable development.

Joao Manita © Shutterstock
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3.2 MINING AND THE SOCIAL LICENCE

43	 See https://www.riotinto.com/en/operations/projects/jadar.

The social licence to operate “refers to the perceptions 
of local stakeholders that a project, a company, or 
an industry that operates in a given area or region is 
socially acceptable or legitimate” (Raufflet et al. 2013). 
Without a social licence, approvals for a mining licence 
will not be issued, and may even be cancelled, as when 
the Government of Serbia revoked the licence of Rio 
Tinto to develop the Jadar lithium-borates project in 
January 2022.43

The social licence to operate covers social, economic 
and environmental issues. The most important issues 
concerning the licence are discussed in this section, 
while environmental issues are discussed in the 
sections that follow. All these issues are relevant to the 
broader sustainable development licence to operate, 
developed in IRP (2020a) and referred to above.

3.2.1 Local value addition

Through local value addition, extra economic welfare can 
be generated in mining areas that traditionally export 
unprocessed minerals and metals, and therefore receive 
fewer economic benefits while bearing the environmental 
and social costs. One example of a policy aimed at 
greater local value addition is that of Indonesia through 
banning the export of unprocessed lateritic nickel ore. 
However, plans for local value addition for mineral 
resources related to the energy transition are limited. 
For instance, Goodenough et al. (2021) note that that 
while lithium mining is anticipated to grow in Africa in 
the coming years with projects proposed in Zimbabwe, 
Namibia, the Democratic Republic of the Congo, Mali 
and Ghana, the proposed plan in most cases is to 
produce a lithium mineral concentrate in-country and 
then ship the concentrate to a refinery elsewhere in the 
world. An exception is the Manono Project (Democratic 
Republic of the Congo) where primary lithium sulphate 
will be produced and exported. Even then, the local value 
addition will remain limited when compared to what can 
be achieved when the production of lithium-ion batteries 
is mastered. 

The issue of local value addition has gained attention 
and countries are increasingly seeking to process locally. 
Producers in Africa with a dominant position are starting 
to leverage their power to support local processing. For 
example, two of the world’s leading chromite producers, 
South Africa and Zimbabwe, are using their market 
power to force local processing. Zimbabwe has banned 
the export of raw chromite (chrome ore), while South 
Africa has put an export tax on ferrochrome. Both of 
these measures are meant to boost local ferrochrome 
producers, as well as the production of stainless steel 
(Dzirutwe 2021). Guinea, which has some of the world’s 
largest bauxite deposits, has threatened to withdraw 
mining licences if companies do not invest in processing 
(Reuters 2022).

The desire for local value addition will have to contend 
with new geopolitical developments as countries seek 
to reduce the supply risk for critical metals. For instance, 
Australian lithium has traditionally been exported as 
mineral concentrates and processed largely in China. 
However, lithium processing plants are now being 
commissioned in Australia, with the aim of keeping 
processing in the country (Tabelin et al. 2021). This 
reconfiguring of supply chains is also likely to impact 
Africa as it develops the new resources. For instance, 
Syrah Resources has been granted a loan by the 
Government of the United States of America to build a 
processing plant in Louisiana to process the graphite it 
will mine in Mozambique (Scheyder 2022).

Looking ahead, countries are seeking to leverage their 
abundance of critical minerals to drive local value addition 
and support the green transition. The Democratic Republic 
of the Congo has launched a Battery Council with the aim 
of piloting the government policy to develop a regional 
value chain around the electric battery industry (Reuters 
2021). The South Africa Industrial Action plan seeks to 
make South Africa a manufacturer of fuel cells and an 
exporter of green hydrogen based on its platinum group 
metals. This initiative, dubbed the Hydrogen Valley, is seen 
as a key to helping South Africa to achieve more economic 
benefits from its platinum group metal resources. 
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There is also much debate on the local value addition 
to lithium mining in South America. There have been 
calls to participate in the lithium value chain more locally 
through the domestic production of electric vehicle battery 
chemicals, components and assembling facilities, as well 
as research and development efforts for domestic battery 
production (Heredia et al. 2020). 

3.2.2 Local content

About 60 per cent of the operating cost in mining 
companies is related to the purchase of goods and 
services (Bravo-Ortega and Muñoz 2015). The ability of 
local companies to provide these goods and services 
from local sources can thus have a huge impact and 
even create whole new areas of competitive advantage. 
The production of minerals and metals is becoming 
less labour-intensive and more technologically 
intensive, requiring complex equipment as well as 
advanced engineering services (Ali et al. 2018). The 
rapid development of digital technologies (sensor 
webs, robotics, remote mining, digital twins) and of 
electrification further adds technological complexity and 
important competitiveness gains to the ore processing 
and metallurgical plants of most modern mines. This 

44	 Includes services, such as technologies for exploration, mineral processing and mine communication, and consulting services, such as 
geological and geotechnical assessment and environmental management.

is creating new demands for skills and services in the 
sector and new avenues for competitive advantage. For 
example, the Australian mining equipment, technology and 
services44 sector is globally competitive and now account 
for 7 per cent of Australian employment, compared to a 
contribution of 2 per cent to employment by the mining 
sector itself (Korinek and Ramdoo 2017; Bravo-Ortega and 
Muñoz 2015). However, this is a result of the long history 
of mining in Australia, with decades of public and private 
investment in education, research and innovation.

The desire to capture greater benefits through local 
content has seen many countries in Africa develop local 
content policies (Östensson 2017). Such policies usually 
target (local) industrial and technological development, 
value creation or addition, wealth increase, employment 
creation and the development of backwards, forwards 
and sideways linkages along the value chain (Ramdoo 
2016). Local content is seen as an instrument to 
promote equality, social justice and the empowerment 
of historically disadvantaged communities (African 
Center for Economic Transformation 2017). A review of 
local content requirements of countries with transition 
minerals projects is shown in table 3.1.

Table 3.1: Policies to enhance local value capture in different African countries

 Countries Local ownership Local procurement  Local content 
requirements 

Local employment 
requirements

 Angola   

 Botswana   

 Burkina Faso   

 Cameroon    

 Côte d’Ivoire    

Democratic Republic of the Congo    

 Ghana   

 Guinea    

 Mali   

 Mozambique    

 Namibia    

 Sierra Leone    

 South Africa   

United Republic of Tanzania   

 Zambia    

 Zimbabwe 

Source: Gatune (2024).

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

94



Implementing local content policies has been a problem, 
however. The expectations that governments place 
on mining companies and the flexibility or exemptions 
required expose the mining company to regulatory 
uncertainty, and the balance between goals and 
feasibility has not yet been achieved (Gatune 2024). 
Local content policies tend to create demand for 
suppliers, but many countries have a weak supply base, 
particularly for larger-scale operations. Moreover, mineral 
processing requires competitive and reliable energy 
supply and adequate transport infrastructure.

The economies of many African countries are largely 
informal and characterized by small informal enterprises. 
For example, 99 per cent of all Mozambican enterprises 
are either run by individual entrepreneurs or are micro-
enterprises with fewer than five employees (African 
Development Bank et al. 2016). The weak supplier base 
makes it difficult for most businesses to access high-
value procurement contracts given the high requirements 
in terms of technological specifications, quality, and 
health and safety systems that are typical of extractive 
contracts (Barnard et al. 2021). 

At the same time, governments do not do enough 
to develop suppliers. If local value addition is to be 
successfully achieved, there will need to be considerable 
capacity-building of local technical staff, engineers 
and managers to ensure the safe and environmentally 
compatible operation of these new processing and 
manufacturing plans. University-industry collaboration 
could be further strengthened to support skills 
development. Another avenue to be explored is co-
investment by governments and industry in the creation 
and functioning of national and regional training centres 
in order to develop a local skills base employable in 
a developing minerals and metals industry. This can 
foster competitiveness and social acceptance. The case 
histories of the Nigerian oil industry, the Malian gold 
industry or the Senegalese phosphate industry provide 
interesting examples of the progressive and successful 
replacement of expatriates by qualified local staff in 
a great diversity of functions, from management level 
to worker levels. However, this took many years, if not 
decades, of consistent joint efforts by public authorities 
and mining companies to be achieved. Many governments 

also lack the institutional capacity to implement and 
monitor local content polices (Oyewole 2018; Dietsche 
and Esteves 2018; Barnard et al. 2021). Essentially, local 
content policy should dovetail with education, research 
and innovation, as well as with industrial policies and 
the wider transformation agenda. However, this is not 
happening. As Radley (2019) has noted in the case of the 
Democratic Republic of the Congo, “there is no broader 
industrial policy to increase the ‘capacity’, ‘availability,’ 
or ‘accessibility’ of Congolese actors and facilitate their 
inclusion and advancement in global mining value chains”.

While local content benefits are hard to capture, local 
content policies can also produce perverse unintended 
effects, which can include:

	z Accelerating brain drain: Developing local experts in 
extractives does not mean an increase of capacity 
in that locality. Locally trained experts can become 
globally competitive and can easily be attracted 
to other countries (Gatune 2020). Moreover, duly 
trained and well-qualified local experts employed 
by local public institutions (environmental agencies, 
geological surveys, mining directorates) may quit 
their public jobs and seek income from private sector 
activities owing to the incapacity of the public sector 
to offer them acceptable professional perspectives or, 
worse, to regularly pay them their contractual salaries.

	z Entrenching corruption: Local content enables chiefs, 
politicians, businessmen, and businessmen-cum-
politicians or politicians-cum-chiefs to accumulate 
more financial capital and control rent (Geenen 2019). 
In return, the extractive companies may use it as an 
opportunity for policy or State capture (Gatune 2020). 
One very sad example of this was the Mobutu era in 
the Democratic Republic of the Congo and the fate 
of the State-owned mining company, GECAMINES 
(World Bank 2007).

	z Income reduction: Highly prescriptive local content 
requirements can have a negative impact on 
companies’ profitability (Geneen 2019).

	z Entrenched exclusion: Dziwornu (2015) finds that 
medium- and large-scale Ghanaian firms benefit from 
localization policies at the expense of new and small 
businesses, which continue to face multiple barriers.
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In the United Republic of Tanzania, local content 
regulations that require parties who are supplying goods 
and services to the relevant parties to incorporate a 
company in the country, and to give 20 per cent of their 
equity to domestic companies has created significant 
problems owing to the fact that the United Republic 
of Tanzania does not manufacture many of the goods 
required in mining operations and there was a shortfall 
of Indigenous-run companies with the required capital 
to effectively enter a joint venture with established 
suppliers. The result was that mining companies found 
themselves in a difficult position as they were unable 
to source goods from many of their current suppliers 
without potentially being in breach of the law and their 
mining licences (Ngocho and Magai 2020).

A review of local content efforts shows mixed results 
(Intergovernmental Forum on Mining, Minerals, Metals 
and Sustainable Development 2018). One country’s 
success cannot be easily translated to another country 
because of differing resource endowments, skill sets, 
infrastructure assets and challenges, and investment 
environments. Great care is thus needed to craft 
successful local content policies. To support countries 
in local content policy design and implementation, 
the Intergovernmental Forum on Mining, Minerals, 
Metals and Sustainable Development has produced 
guidance for countries on the choice and conditions 
for local content policies and case study examples 
(Intergovernmental Forum on Mining, Minerals, Metals 
and Sustainable Development 2018). 

Looking ahead, new local content opportunities may 
arise, especially in such sectors as construction (given 
a suitably qualified workforce), as mining companies 
increasingly seek to transition to locally produced 
renewable energy. For example, the “FutureSmart Mining 
strategy of Anglo American is to overhaul and modernize 
operations to achieve carbon neutrality by 2040. The 
company has recently introduced a green hydrogen-
powered mining truck (Cuthrell 2022). In Mozambique, 
Syrah Resources plans to install a 11.25-MWp solar farm 
with an 8.5-MW/MWh battery energy storage system at 
its Balama graphite operation in Mozambique (Djunisic 
2022). In line with these examples, Toledano et. al. 
(2021) note that there is some evidence supporting a 
high localization potential in Africa for solar photovoltaic 
and wind energy value chains, given the right conditions 
and to fill the existing knowledge gaps. The examples 
illustrate how the green energy transition provides an 

45	 DigiMine - Wits University

opportunity for local content, but it requires significant 
development in local capacity to offer the solutions as 
in both cases the green energy solutions are provided by 
companies based in Asia, Europe and the United States 
of America. 

There is also much debate on the local value addition 
to lithium mining in South America. There were calls 
from the scientific communities and the population to 
escalate their countries in the global lithium value chain, 
e.g. through the domestic production of electric vehicle 
battery chemicals, components and assembling facilities 
(see below for references), to which governments 
responded by promoting research and development 
efforts for domestic battery production (Dorn and 
Gundermann 2022). However, no considerable facility 
for lithium processing has been opened so far and no 
concrete steps have been taken towards commercial 
production.

3.2.3 Driving technology adoption

Lin and Chang (2009) argue that the first step towards 
improving a country’s technological capability is 
to increase the adoption of more sophisticated 
technologies that have been developed elsewhere. If 
the mining industry can bring new technologies that 
have broad-based application in other sectors, such 
as information and communications technologies, it 
can thus help to drive transitions. This is happening, 
for example in Rwanda, where LUNA is seeking to build 
a blockchain solution to improve the traceability of 
tin (Mining.com 2020), while in South Africa, Sibanye-
Stillwater45 has built a digital twin of a mock mine in 
collaboration with the University of Witwatersrand to help 
to improve the efficiency and safety of its mines (Gatune 
and Cloete 2022). 

Mining services companies are also at the forefront of 
developing new industries. For example, one mining 
company is deploying a service-based business 
model where companies pay for use of the machines 
rather than owning them (Gatune and Cloete, 2022). 
Indeed, mining companies have the potential to drive 
the adoption of new technologies, management and 
business models, for example repositioning themselves 
as material providers, combining mining and recycling 
(urban mining). This offers the potential for a transition 
to more circular economies (Gatune and Cloete 2022; 
Dietsche 2018).
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3.2.4 Employment, infrastructure 
and urbanization

Mining companies need to work harmoniously with and 
in the communities where they operate to secure their 
sustainable development licence to operate. Otto (2018) 
points out that there is a history of mines contributing to 
community development in ways ranging from building 
schools and health clinics, and providing financing and 
training for local enterprises, to supporting local sourcing 
of goods, services and employees. However, when 
conventional corporate social responsibility efforts have 
not included the communities around mining in their 
design, those communities may remain largely unsatisfied 
with the benefits coming from mines (Otto 2018). 

While mining companies may construct social and 
economic infrastructure directly related to their mines 
and employees (e.g. housing, utilities), mining activities 
also tend to drive urbanization more broadly (Bryceson 
and MacKinnon 2012), which may take place without 
the construction of the concomitant local capacity 
(financial and human) to cope with rapid growth. The 
result is that mining may create uncontrolled settlements 
lacking services and plagued by crime and other social 
challenges (Mondoloka 2018). All the same, communities 
do benefit from infrastructure that comes with the mines. 
An evaluation of Chinese mining activities in Africa finds 
that populations living close to Chinese mining areas 
have access to better infrastructure, such as paved roads 
or piped water, than areas further away (Vella 201846). 

Employment is perhaps one of the main social benefits 
of mining activities. However, large-scale mining tends to 
be capital-intensive, providing relatively few jobs. These 
jobs are high-skilled and consequently inaccessible 
to many locals. On the other hand, as pointed out in 
Chapter 7, artisanal and small-scale mining generates a 
lot of employment that can translate into local economic 
benefits (see box 3.1). For example, artisanal mining of 
tin, tungsten and tantalum in Rwanda was estimated to 
contribute approximately US$39.5 million in the form of 
expenditures to the local economies through the miners’ 

46	 https://www.mining-technology.com/author/heidi-vellanridigital-com/.
47	 https://www.fao.org/3/i2801e/i2801e.pdf.

income spent on local goods and services, education, 
health care, acquisition of assets (e.g. land, livestock) 
and investment in small enterprises, which can have a 
significant impact on the affected communities (Pact 
Global UK and Alliance for Responsible Mining 2018). 
However, the scope for artisanal mining in transition 
minerals is limited. Artisanal methods are used to mine 
tin (Indonesia and Rwanda), chromium (Rwanda), cobalt 
and coltan (Democratic Republic of the Congo), lithium 
(Zimbabwe) and copper (Peru and the Democratic 
Republic of the Congo). 

3.2.5 Land rights and displacement

The social cost of mining comes mainly from the 
disruption caused by forcing populations to relocate, 
abuses of human rights and conflicts. Conflicts (see 
also Chapter 5) can have several causes: disruption 
of lifestyle and livelihoods; loss of rights to land and 
clean water; pollution and health concerns; and a lack 
of representation (Andrews et al. 2017; Conde 2017). 
Conflicts may also arise between artisanal miners 
themselves in competition for minerals, or between them 
and medium-sized companies.

The debates on local and Indigenous people’s rights to 
land are focused on consent, appropriation processes 
and the distribution of benefits (Tarras-Wahlberg and 
Southalan 2022; Owen et al. 2023). Together with 
mining regulations, these rights are complex. There are 
numerous reported cases of land rights being overridden 
by the mining industry and the local authorities, resulting 
in severe conflicts (Hilson 2002; Conde 2017). Land 
rights are regulated in a range of ways, ranging from 
human rights and customary rights systems to property 
rights laws. At the United Nations level, the Food and 
Agriculture Organization (FAO) and the Committee on 
World Food Security have produced Voluntary Guidelines 
on Land Tenure,47 a legal document that has found wide 
dissemination and is now referenced by human rights 
bodies and courts in many countries while interpreting 
binding law.
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As mining generates significant land use changes, 
protecting local and Indigenous people’s rights is 
particularly important in these processes, as well as 
in cases where States go for expropriation. In such 
cases, a clear public interest must be given, transparent 
procedures must be followed and compensation must be 
meaningful. It is important to respect these procedures 
to ensure legitimacy, reach an appropriate and socially 
sound design for the project (often there may be a need 
to redesign the project or have an impact on a smaller 
area, for example) and avoid future conflict. Legitimizing 
procedures must not be disrespected, even given the 
urgency of extraction of transition minerals. They are a 
key part of the framework to increase trust and legitimacy, 
potentially also uncovering+, which may incentivize 
sustainable consumption and a more circular economy.

Owen et al. (2023) show that over 50 per cent of 
occurrences of transition minerals overlap with the 
lands of Indigenous and peasant peoples. Under 
international and national constitutional law, the 
territories of Indigenous communities are strictly 
protected, and communities insist on their rights to 
enact prior and informed consent if access to land is 
required. This necessitates time, transparency and real 
engagement to consult in a meaningful way in order to 
ensure legitimacy. Respecting these rights is especially 
important, given that Indigenous communities also 
tend to be custodians of high value ecosystems. It also 
implies that proposals to mine in such lands can be 
rejected, a decision that needs to be respected. There 
are many reports of human rights violations of workers 
and the prevalence of other issues that cause conflict 
in the Democratic Republic of the Congo and mines 
around Africa (Human Rights Watch 2011). For instance, 
cobalt mining in the Democratic Republic of the Congo 
highlights important and very complex sustainability 
issues, including working conditions often characterized 
by widespread exploitation and labour rights abuses, 
including child labour in artisanal mines and negative 
environmental impacts, with local populations having 
very limited economic alternatives to engaging in such 
activities (Amnesty International 2016; Baumann-Pauly 
2023). Many workers do not earn a living wage, have little 
or no health provision and far too often are subjected 
to excessive working hours, unsafe working conditions, 
degrading treatment, discrimination and racism. As an 
example of rights violations, the Ghana Manganese 
Mining Company has been accused of the unlawful 
demolition of houses and farmlands, including cash 
crops without paying due compensation (Gyebi 2020).

Mining also causes social disruption through an 
influx of immigrants. For example, the rise in Chinese 
investment in copper mining in Zambia has seen a huge 
rise in the number of Chinese migrants, many of whom 
arrive as employees of the mining companies, but later 
venture into small-scale trading, displacing local people 
from jobs (Vella 2018).

Conflict can also arise from competition to capture 
mineral resources. High-value minerals that can be easily 
mined pose the greatest threat. Tin, tungsten, tantalum 
and gold are particularly prone to driving conflict (IRP 
2020a). These minerals have largely been responsible 
for the ongoing conflicts in the Great Lakes region. 
As these minerals have high value and are artisanally 
mined, controlling a particular location and forcing the 
people there to mine is sometimes done with force. It is 
estimated that today close to 120 armed groups operate 
in the east of the Democratic Republic of the Congo 
and survive by not only generating income mainly from 
extraction of natural resources, but also from roadblocks, 
kidnapping for ransom and illegal taxation (Matthysen 
and Gobbers 2022).

Another important issue, from a social perspective, 
is that mining activities tend to be temporary, rarely 
lasting more than a few decades. This means that the 
benefits arising from mining activities must be used, 
as far as possible, to fund activities that can generate 
long-term returns lasting well beyond the closure of 
mining activities, such as education, health, sustainable 
infrastructure and diversification activities. 

Shutterstock AI Generator © Shutterstock
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Box 3.1: Artisanal and small-scale mining (ASM)

Artisanal mining has been credited with creating many rural jobs and helping to diversify income, thus 
reducing vulnerability. For this reason, many have called for increased support of this sector owing to these 
social benefits (see IRP 2020a). Though artisanal mining seems to have more direct social benefits, it also 
poses a range of significant environmental and social challenges (IRP 2020a). Some of the challenges in 
relation to sustainability metals in Africa include:

	z Artisanal mining has a poor safety record.

	z The ambivalent nature of artisanal mining regulation also creates room for illegality in the sector. Illegal 
gangs emerge to contest control of the sector, and conflict between rival gangs can lead to deaths. For 
example, deaths have been reported in the struggle for control of artisanal chrome mines in South Africa 
(Trenchard 2023).

	z The artisanal and small-scale mining sector is prone to conflict as many of the miners operate outside 
the law for various reasons (United Nations, Economic Commission for Africa 2012), especially regarding 
the so-called conflict minerals (gold, tin, tantalum and tungsten). Owing to this concern, the trade in these 
minerals has been subjected to mandatory due diligence obligations to assess that imports are not from 
conflict areas or operations controlled by warlords in the United States of America since 2010 (Dodd-Frank 
Act, United States Securities and Exchange Commission) and in the European Union since 2017 (European 
Commission 2023). Artisanal gold production is quite widespread in Sub-Saharan Africa, while artisanal 
and small-scale mining for tantalum and tin are particularly concentrated in the east of the Democratic 
Republic of the Congo. (Pact Global UK and Alliance for Responsible Mining 2018).

	z Artisanal mining also intends to disrupt agriculture. Artisanal miners take over agricultural land and 
leave behind destroyed landscapes that create problems for those engaged in agriculture. For example, 
in Zimbabwe chrome mining has left huge pits that have caused loss of livestock for farmers (The 
Standard 2022).

The financing of artisanal and small-scale mining is discussed in Chapter 7.

3.2.6 Conclusions

Capturing the financial benefits of mining will always be 
contentious. Government clamour for a greater share of 
resource revenues may chase away investors. Dietsche 
(2017) argues that for extractives-led development 
agenda to succeed, mining must lead to increasing 
productive knowledge and technological capabilities 
relevant to other sectors. In principle, public authorities 
have a key role to play in in this process, by reducing 
transaction costs and addressing structural market 
failures. Industrial policy defined in its widest sense lies 
at the heart of that role.

Ensuring a balance between national development 
aspirations, the needs of mining companies and the 
needs of local communities is difficult for policymakers. 
It is still a work in progress. These issues are going to 
be brought into sharper focus as a new resource boom 
emerges in the wake of the shift to a green economy.Pierre-Yves Babelon © Shutterstock
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3.3 WOMEN IN MINING

48	 https://www.womeninmining.org.uk/about/.
49	 The World Bank estimates that artisanal and small-scale mining employs at least 44.75 million people worldwide and is a source of income for 
at least a further 134 million people (World Bank 2020a). 
50	 In Madagascar, Mali and Zimbabwe they make up 50 per cent, while in Guinea they make up 74 per cent of workers in artisanal and small-scale 
mining (IRP 2020a).

3.3.1 Introduction

Mining plays a vital role in socioeconomic development 
as it makes significant contributions to national 
economies and the Sustainable Development 
Goals. The potential for mining to help to achieve the 
Sustainable Development Goals is well known and well 
documented (United Nations Development Programme 
[UNDP] nd). There is also some evidence that women 
play a role as agents of change, especially in respect of 
their role in sustainable and equitable natural resource 
management for meeting human needs (Thomas-Slayter 
and Sodikoff 2001).

The mining sector is, however, characterized by a low 
level of participation of women at all levels (Monteiro et 
al. 2019). In view of the role of the sector in the economy, 
it would be beneficial for the sector to increase women’s 
participation, as part of mobilizing their agency in 
advancing sustainable development. Women in Mining48 
acts to promote the participation of women in mining. 
In South Africa, the available data show that women 
represent just 14 per cent of the mining labour force out 
of 450,000 employees, as well as just 16 per cent of top 
management and 17 per cent of senior management 
(Louw 2022). Globally, women constitute about 10 per 
cent of the employees in large-scale operations and only 
7.9 per cent of people on the board of directors in the top 
500 mining companies (United Nations Entity for Gender 
Equality and the Empowerment of Women [UN-Women] 
2016). Women fare much better in artisanal and small-
scale mining, which is highly labour-intensive.49,50 
(Intergovernmental Forum on Mining, Minerals, 
Metals and Sustainable Development 2018, cited in 
IRP 2020a). A recent report by the Intergovernmental 
Forum on Mining, Minerals, Metals and Sustainable 
Development (2023) notes that there is a dearth of 
consistent, detailed and comparable datasets and in-

depth analysis regarding the status of employment, by 
gender, in the large-scale mining sector. Additionally, 
there is insufficient systemic assessment of women’s 
direct participation in mining operations by occupation, 
level of education and skills by country, let alone their 
working conditions and salaries. This lack of information 
on gender equality in mining employment is even more 
pronounced when data are sought regarding indirect 
employment along the mining supply chain. 

While women are underrepresented in the mining 
industry, they also earn less for the same job. In 
Australia, an important mining country, the base salary 
for a full-time female worker in the mining industry was 
10.4 per cent lower than that of her male counterparts 
in 2020. In Rwanda, women in artisanal and small-scale 
mining earn 25–30 per cent less than men for the same 
activities (International Labour Organization [ILO] 2021). 
Interestingly, in South Africa, women in mining are more 
qualified than their male counterparts, with 84 per cent 
of women in mining being more qualified than their 
bosses (Louw 2022).

The World Bank (2018), referring to the global 
experience, has shown that the impact of extractive 
industries is gendered, with men benefiting more from 
the development of extractive resources than women. 
This is mainly because men capture more of the direct, 
employment-related benefits of resource extraction 
while women bear a disproportionate share of the 
negative impact, including loss of land, displacement and 
resulting community fragmentation, and environmental 
pollution (Eftimie, Heller and Strongman 2009a, cited in 
World Bank 2018). The United Nations Entity for Gender 
Equality and the Empowerment of Women (UN-Women) 
(2016) points that there is a broad consensus in all major 
studies that if policies and legal frameworks that govern 
and guide extractive industry activities are gender-blind, 
women will benefit much less than men. 
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Gender equality in mining can have positive impacts 
that should motivate both companies and governments 
to address it. According to Women in Mining UK 
companies’ profit margins are higher for mining 
companies when women are on the board of directors 
(Women in Mining (UK) and PWC 2015). Louw (2022) 
points out that the diversity that women could bring to 
the sector would make them immensely valuable, boost 
innovation and contribute to the growth and ongoing 
relevance of the industry. The World Bank (2015) has 
found that the inclusion of women has positive long-term 
effects on the health and education of the families and 
communities as, in many cultures, women tend to devote 
most of their income to the food, shelter and education 
of their families.

A recent study by the Intergovernmental Forum on 
Mining, Minerals, Metals and Sustainable Development 
(2023) on women in large-scale mining in 12 countries 
(Argentina, Australia, Brazil, Canada, Chile, Colombia, 
Ghana, Mongolia, Peru, South Africa, Sweden and 
Zambia) finds that although, on average, the share 
of women’s participation in the large-scale mining 
workforce is gradually increasing, there are several 
issues that must be highlighted including: 

	z Women are underrepresented in technical positions 
and overrepresented in clerical positions; 

	z Structural barriers, biases, and discriminatory 
practices and working conditions impeding women’s 
empowerment still largely prevail and need to be 
concurrently and duly addressed; 

	z Women are more likely to be laid off during crises, 
facing the vulnerabilities in sustaining their jobs 
during economic downturns, downfalls in sectoral 
performance and global crises; 

	z The fly-in fly-out model for mines located in remote 
areas, which is a challenge for women trying to 
balance responsibilities at home and at work;

	z Women lack mining-specific skills and education; 

	z Women quit large-scale mining at a younger age; and

	z The gender pay gap persists in the mining workforce.

3.3.2 Barriers to equal participation

Image of “hypermasculinity”

Mining is consistently characterized in literature and 
the collective imagination as inherently masculine, 
demanding strength and courage, as well as resilience 
to face danger and survival in difficult situations (Benya 
2017). Over time, mine culture has been moulded in the 
image and likeness of hypermasculinity, not only by the 
sheer number of men that work in mines, but also by 
their constructed brotherhood of solidarity and sense of 
belonging (Lahiri-Dutt 2011). Not only was the presence 
of women in mines perceived as unnatural, but women 
became feared by many through the dissemination of 
myths and stories of their presence being the cause 
of accidents (Perks and Schulz 2020). Such elaborate 
justifications and discourse – consisting mainly of 
superstitions, traditions and prejudices – has ultimately 
normalized women’s exclusion from mining.

Culture and traditions

In highly patriarchal communities, ownership of land by 
women is limited. This is key for artisanal and small-
scale mining (ASM) as access to land is central where 
such activities are regulated. While the share of women 
working in ASM in the United Republic of Tanzania 
ranges from 27 per cent to 34 per cent, it is estimated 
that only 10 per cent of the total licence holders are 
women (UN-Women, 2016). This means that women 
in ASM especially must depend on men to access land 
for such mining. In Madagascar, for example, women 
engage in temporary marriages with men to secure 
access to land (Brycesson, Jonsonn and Verbrugee 
2014, and Lawson 2016, cited in IRP 2020a).

Even when women have access to ASM, they are 
affected by cultural attitudes. The pay gap in Rwanda 
for women in ASM has been attributed to women’s 
limited access to big buyers and markets, as well as to 
their reliance on middlemen to make up for their lack of 
bargaining power owing to cultural norms and attitudes 
(ILO 2021). 
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Lack of information

Women may have little access to information on 
their position or rights, or avenues for increasing their 
influence. A study of women in ASM in northern Ghana 
found that women were not aware of programmes that 
could assist them and were disadvantaged in accessing 
information (Women in Mining Ghana 2020) 

3.3.3 Impact of mining on women

While there are significant barriers to the participation 
of women in mining activities and benefiting from them, 
they are also disproportionately impacted by the negative 
impacts of mining activities.

Gender-based violence

The hyper-masculinity of the mining culture leads to 
certain behaviours, which means that gender-based 
violence is prevalent in the mining sector (Monteiro 
et al. 2019; Deutsche Gesellschaft für Internationale 
Zusammenarbeit 2020). This is further reinforced by 
male solidarity, as well as organizational tolerance of 
unacceptable behaviour (Benya 2017). The remoteness 
and relative isolation of mining sites make women more 
vulnerable to such violence. Women working in mines 
consistently report unwelcome physical, verbal and non-
verbal behaviour that affects their chances of success 
and advancement in the workplace (Botha 2016). In 
Canada, a 2017 survey of 540 employees working in 
management positions within mining showed that 47 
per cent of them had experienced harassment (Peltier-
Huntley 2019). In its social audit baseline report on South 
Africa, ActionAid (2018) found that 40 per cent of the 
women interviewed indicated that jobs in the mining 
sector were only available through sexual favours.

The ASM sector, with its informality and elements 
of illegality, is perhaps even more impacted. For 
example, in the case of ASM, a study from the Deutsche 
Gesellschaft für Internationale Zusammenarbeit (2020) 
points out that 74 per cent of women in the east of the 
Democratic Republic of the Congo have been subjected 
to sexual violence. Prostitution and human trafficking 
are also quite rife in the ASM sector. Artisanal and 

small-scale mining tends to attract huge numbers of 
immigrants and illegality. The immigration tends to 
include sex workers, many of whom are trafficked. For 
example, in Ghana, some of the Chinese miners in an 
irregular migration situation have also been trafficking 
Chinese sex workers to Ghana (Aido 2016).

In cases where women have been able to obtain paid 
employment in mining, some of them have experienced 
increased gender-based violence at home or in the 
workplace owing to shifts in gender roles and power 
structures (The Advocates for Human Rights 2019).

Health

ASM exposes miners to chemical poisoning, most 
particularly because of mercury use for gold recovery. 
This is a major hazard, with long-term consequences 
for the environment and health. Women tend to be more 
vulnerable to mercury poisoning owing to lower levels of 
awareness. For example, a study in northern Ghana found 
that 100 per cent of the women interviewed had no prior 
knowledge of the extent of the dangers posed by mercury 
(Women in Mining Ghana 2020).

A lack of maternity, childcare and sanitation facilities 
also means that women in ASM have their toddlers on 
site while working, exposing them to any related hazards 
(Women in Mining Ghana 2020). This makes the children 
vulnerable to mining-related health challenges from a 
very early age.

Involuntary resettlement and environmental 
damage

Mining activities cause involuntary resettlement and 
environmental damage. The loss of land and water 
that local populations rely on to grow food will typically 
have a greater impact on the women and children 
of a community when they are forced to move by an 
extractive project; this is because they frequently take 
greater responsibility for subsistence farming. While men 
are also affected by displacement and environmental 
damage, they often have better access to alternative 
incomes and the ability to move to other locations 
to seek alternative, and often better, opportunities 
(Macdonald 2018).
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Social disruption

The rapid modernization and monetization of the 
economy and the injection of a large, mostly male 
population may lead to social disruption. The injection 
of mine workers also attracts sex workers, drug dealers 
and human traffickers, among other criminal activities. 
This huge influx can potentially destabilize social 
relations, exacerbate existing gender inequalities and 
increase incidents of crime, alcoholism, drug abuse, 
domestic violence, prostitution, trafficking and sexual 
exploitation, and sexually transmitted diseases in local 
communities. Women in the community tend to be 
more affected by these social disruptions (UNDP 2016).

3.3.4 Approaches to inclusion

Enhanced regulatory standards 

Governments should introduce minimum legal 
standards and monitor their implementation for the 
industry to ensure fit-for-purpose personal protective 
equipment, safe and separate sanitation facilities, and 
gender-appropriate health services for women workers. 
Governments should require the private sector to 
translate the minimum legal standards into corporate 
policies. They should also promote the employment 
of female public officers in key positions related to 
mining and encourage gender-equal participation 
and representation in their delegations at events and 
platforms (Intergovernmental Forum on Mining, Minerals, 
Metals and Sustainable Development 2023). 

Internal company policies

Mining companies have a critical role to play in 
advancing gender equality, not only in their own 
operations, but also in their supply chains and in 
nearby mining communities. This would involve 
actively recognizing women’s rights to property and 
resources; including women as stakeholders in land 
acquisition, resettlement and consultation processes; 
addressing vulnerability and gender-based violence in 
the community; and facilitating inclusive access to jobs 

51	 https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/despite-diversification-efforts-fewer-than-1-in-5-
mining-leaders-are-women-59101897.

and economic opportunities (International Council on 
Mining and Metals nd). Mining companies can address 
unconscious gender bias by proactively assessing it in 
their operations, measuring its impact on workers and 
taking action to prevent gender bias through recruitment 
and talent management, training, project assignments and 
selection for the leadership pipeline (ILO 2021). Mining 
companies can also increase their support for women-led 
small and medium-sized enterprises (SMEs) in mining 
communities. Indeed, they can leverage their buying power 
and supply chains to promote gender equality by using 
gender-responsive procurement to support SMEs owned 
and led by women (ILO 2021). This might involve looking 
for opportunities in upstream and downstream activities.

Companies need to implement systems for reporting 
instances of harassment and exploitation for women, 
as well as for other employees. Gender policy should be 
required for all companies in extractive industries (UN 
Women 2016)

Mining companies have made commitments to 
address gender inequality, as pointed out by Smith 
(2023). For example:

	z BHP wants to achieve gender parity by 2025 (women 
currently account for 29.8 per cent of employees).

	z In 2021, Newmont Mining set a goal of parity in its 
copper mine in Ghana.

	z Teck Resources Ltd. has a goal of 50 per cent 
participation at its Quebrada copper mine project in 
Chile.

	z Four South African mining companies (Kumba, 
Anglo-American Plc., Exxaro Resources and Merafe 
Resources) are led by women.

Despite such examples, women constitute only 14.9 per 
cent of chief executive officers and hold only 18.1 per 
cent of board positions.51 

There are also initiatives at the industry level. For 
example, the Mining Council of South Africa has created 
gender-based violence centres in mining communities 
to help to change the culture and reduce gender-based 
violence in the community as a whole and not just in 
mining companies (Smith 2023).

103

CHAPTER 3: Issues in mining today relating to the social licence to operate and the environment

https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/despite-diversification-efforts-fewer-than-1-in-5-mining-leaders-are-women-59101897
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/despite-diversification-efforts-fewer-than-1-in-5-mining-leaders-are-women-59101897


However, some have claimed that industry efforts 
tend to be cosmetic changes around the margins and 
the objective of frequent industry pronouncements 
of commitment to gender equality is really to avoid 
regulation or external intervention (Macdonald 2018). 
In these regards, the Intergovernmental Forum on 
Mining, Minerals, Metals and Sustainable Development 
(2023) recommends that companies should publish 
their gender performance in their sustainability 
reports, with breakdowns of age, ethnicity, indigeneity, 
educational attainment, occupation and pay gaps 
(including gender breakdown of new hires, promotions, 
senior leadership, boards and board committees) and 
the use of International Labour Organization (ILO) or 
other appropriate international category standards for 
comparability. 

Digitization and automation

Automation and remote operations are opening up new 
opportunities for women by removing physical strength 
as part of the requirements of mining work. One area 
that epitomizes this is drilling operations. Being a drill 
rig operator traditionally required considerable strength 
to oversee and load the drill rods and heavy equipment, 
making it a difficult environment for women to make 
their mark (Macnamara 2022). The modernization of 
drilling is changing this. South African drill rig operator 
Rosond has supplied the Kumba iron ore mine of Anglo 
American with 28 state-of-the-art drill rigs. The Rosond 
drill rigs automate most of the heavy duty and dangerous 
manual tasks, such as managing drill rods, thus opening 
the operations of these machines to female operators. 
Rosond has been fully operational for two years at 
Kumba and currently has just under 30 women on site, 
with two all-female crews in diamond drilling and one all-
female team in grade control (Macnamara 2022).

Indeed, mining is changing in fundamental ways through 
automation and digitization. The world’s first fully 
automated mine was launched in Mali in 2019. Equipped 
with driverless trucks and robotic drills, the mine 
operates around the clock and is up to 30 per cent more 
efficient than conventional mining operations (ILO 2021). 

52	 Opportunities are also generated in the local community through satellite economic activities, such as transport, hotels, restaurants and shops. 
The deeper the linkages between large-scale mines and SMEs in the community and at the national level, the greater the impact will be on indirect 
and induced jobs (Ramdoo 2020). 

Automation and digitization will create opportunities in 
digital jobs that are not tied to traditional perceptions of 
gender roles in mining, giving women a better chance. 
Automation is, however, a double-edged sword. It will kill 
jobs in mining, but this will mostly affect men as they 
dominate the sector in terms of employment. Cosbey 
et al. (2016) point out that automation can drive many 
large-scale mine workers to artisanal and small-scale 
mining. This can create new competition for women in 
the sector where they have fared better.

Gender in local content policies 

In general, the highly mechanized nature of mining 
means that few jobs are created directly. However, 
mining companies have tremendous impacts on 
the economy. ILO (2021) points out that for mining 
companies, most of the opportunities for women and 
men in mining are created through local procurement, 
which creates employment spillovers through 
opportunities for SMEs to service the mines and 
manufacture inputs.52 The Intergovernmental Forum on 
Mining, Minerals, Metals and Sustainable Development 
(2023) shows that the top five countries with the highest 
number of women participating in large scale mining are 
Sweden (25 per cent), followed by Canada (19 per cent), 
Ghana (18 per cent), Mongolia (16 per cent) and Australia 
(15 per cent).

Governments in Africa are increasingly adopting local 
content laws to require greater inclusion of local people 
and firms in the activities of mining companies. For 
local content laws to be effective in addressing gender 
imbalances in mining, the laws must also be gender-
sensitive. However, examining the local content laws, it 
is not clear that they are gender-sensitive. For example, 
the Ghanaian local content law is silent on gender 
inclusion. It requires mining companies to employ 
Ghanaians through limitations on the recruitment of 
expatriates to not more than 6 per cent of the workforce. 
However, no mention is made of gender balance in the 
recruitments of Ghanaians. Another key provision is that 
local companies should be given preference in the award 
of tenders. In this context, local participation is defined 
to include ownership or managerial positions occupied 
by Ghanaians. Again, there is no requirement related 
to the structure of employment or ownership of local 
companies giving preference to women (Gatune 2020).
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The South African local content policy is very explicit 
on gender inclusion. The South African Mining 
Charter states that a minimum of 70 per cent of total 
procurement expenditure for mining goods must be 
for South African manufactured goods. In turn, 5 per 
cent of that amount must be spent on goods produced 
by companies owned and controlled by women or 
young people. Similarly, a minimum of 80 per cent of 
total expenditure on services must be sourced from 
companies based in South Africa, 15 per cent of which 
must be spent on services supplied by companies owned 
and controlled by women (RoSA 2018, cited in ILO 2020). 

Local content policies also need to be accompanied by 
gender-sensitive supplier development programmes. 
In this regard, UN-Women (2016) points to the need 
to empower women through training on negotiation 
skills, and implementing quotas in tendering for female 
suppliers and service providers.

3.3.5 Responsible mining initiatives

Beyond industry and government action, civil society can 
also play a crucial role in influencing mining company 
policies. There are now many indexes rating companies 
on responsible mining practices.53 The 2020 Responsible 
Mining Index report on 180 mine sites and the policies 
and practices of 38 large mining companies on ESG 
issues indicates that “only a small minority of companies 
take proactive measures to include women in their 
local procurement support measures, and without 
such measures, women will most likely be excluded” 
(Responsible Mining Foundation 2020). Such indexes can 
perform two roles; they can jolt companies to act, as a 
low ranking can lead to reputational damage, but more 
crucially they can highlight what companies are losing by 
not having more inclusive policies.

The International Finance Corporation, which finances 
many mining projects, has launched a toolkit of 
actions and strategies for extractive companies to 
increase opportunities for women. It has included equal 
opportunity for both sexes as one of the requirements 
of its performance standards (International Finance 
Corporation 2018). 

53	 The Mineral Resource Governance in the 21st Century report (IRP 2020a) details 89 initiatives that assess companies on various aspects of 
responsible mining.

Organizing women

Women, especially those involved in artisanal and 
small-scale mining, can better benefit from mining 
by organizing themselves as cooperatives. This can 
raise their potential to satisfy technical and financial 
requirements for productive mining (ILO 2021), and 
allow other partners to provide support, especially 
in upgrading artisanal and small-scale mining. The 
World Bank (2020, cited in ILO 2021) points to a case 
in Nigeria, where the women who formed cooperatives 
were able to have access to a World Bank-financed 
grant to purchase equipment. A similar approach has 
been advocated to support women miners in northern 
Ghana (Women in Mining Ghana 2020). Childcare 
cooperatives, which take care of children for an 
affordable fee while women are working in the mines, 
can accomplish this goal. Cooperatives have proven 
to be a particularly powerful way of advancing gender 
equality (ILO 2021).

Creativity in providing women with information

One of the key challenges affecting women is a lack of 
information. There are many services available that can 
help them, but many women are not aware of them. They 
are not aware of the health and environmental impacts 
(Women in Mining Ghana 2020) of their work in mining. 
Creative ways of reaching them are needed to inform 
them of these issues. Places where women seek various 
services can be locations for engagement. The report on 
women in mining in northern Ghana points out that the 
survey found that women frequent pharmacies, clinics 
and schools (where they have children of school-going 
age), which are important potential outlets for giving out 
information (Women in Mining Ghana 2020). 

Better data collection

The absence of gender-disaggregated data is a challenge 
to designing interventions and for monitoring and 
evaluation. Better data collection is needed. A recent 
report (Intergovernmental Forum on Mining, Minerals, 
Metals and Sustainable Development 2023) provides 
such data.
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Change the perception of women in mining

Nationwide advocacy campaigns are needed to promote 
changes in the perception of which professions are 
considered appropriate for each gender. Laplonge (2014), 
cited in Macdonald (2018), argues that the only way 
to truly bring about cultural change in the extractives 
sector that may eventually lead to sexual equality in 
employment is to challenge both male and female 
gender stereotypes and the associated sets of behaviour.

The change in perception should also be accompanied 
by efforts to equip women with the requisite skills 
required in the sector. Indeed, while digitization can 
present opportunities for women, the digital divide 
between men and women will need to be overcome. 
Science, technology, engineering, and mathematics 
(STEM) skills will also become increasingly important. 
The World Bank (2018) points out that women’s 
underrepresentation in professional positions requiring 
higher education is intricately linked to their low levels 
of representation among students of STEM subjects.54

In this regard, UN-Women (2016) proposes the 
promotion of women and girls from an early age to enrol 
in subjects traditionally considered appropriate for men, 
the provision of scholarship quotas for scholarships 
for women, the earmarking of budgets and services for 
women, and the encouragement of women to work in the 
sector through tax relief. 

3.3.6 Conclusions

Women are not receiving equal benefits from the global 
development of mineral resources, even as they shoulder 
a greater burden of the negative impacts. Women are 
underrepresented in employment in the sector and earn 
lower pay for the same positions, even though, in some 
cases, they hold higher academic qualifications. The 
perception that mining is a male domain and a culture of 
excluding women are entrenched and must be addressed.

Traditional cultures where land ownership is restricted to 
men means that women are excluded from ownership of 
artisanal and small-scale mines. A lack of gender-sensitive 
sanitary and other facilities further excludes women.

54	 United Nations Educational, Scientific and Cultural Organization (2017) points out that women represent 35 per cent of all students enrolled in 
STEM-related fields of study in higher education. 

The perception of mining jobs as masculine means 
that women who get into mining are exposed to a toxic 
masculine culture and at times to gender violence. 
Beyond the mining workplace, mining activities come 
with negative spillovers, including social disruption owing 
to the influx of a large male population, who in turn 
attract other people including sex workers. The social 
disruption tends to have a greater impact on women.

The gender imbalance can be addressed in several ways:

	z Salaries should be gender neutral and relate only to 
the job position and employee performance.

	z Mining companies can address gender bias by 
proactively assessing it in their operations, measuring 
its impact on workers and taking action to prevent it 
through recruitment and talent management, training, 
project assignments and selection for the leadership 
pipeline. They can also favour suppliers who practice 
gender inclusivity and women-owned businesses.

	z Governments can enact local content laws that make 
provision for the inclusion of women in employment 
in mining companies and in suppliers for mining 
companies.

	z Digitalization and automation in mining mean that 
less brawn is required in mining operations. In 
addition, digital jobs are gender-neutral. However, 
capturing this opportunity will require closing the 
digital gap between men and women. 

	z Perceptions regarding mining need to change 
across both genders through education and 
advocacy. Concurrently, empowering women to take 
opportunities in mining jobs will be key, such as by 
encouraging more girls to pursue STEM subjects.

	z Ultimately, the aim should not be simply to increase 
numbers and comply with legislation, but to develop 
career paths for women within the mining sector, 
with initiatives such as the mentorship of women by 
women.
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3.4 MINING AND THE ENVIRONMENT

3.4.1 Introduction

The use of minerals and metals in the production of 
an enormous range of products and services is also a 
source of multiple potential, mostly harmful impacts 
on the environment at various levels, from global to 
local. Environmental impacts include qualitative and 
quantitative impacts on air, biodiversity, soil and water, as 
well as the generation of huge quantities of solid waste 
from mining, ore processing and metallurgical and metal-
refining activities (Franks et al. 2021). 

Greenhouse gas emissions from mineral sourcing and 
processing are the most prominent global environmental 
impact, while waste and many chemical and particulate 
matter emissions generate locally significant impacts 
on water, soil and biodiversity. Despite technical and 
technological progress in environmental management, 
harmless methods of raw material extraction have not 
yet been developed (Pietrzyk-Sokulska et al. 2015). 

Environmental pressures caused by mining activities 
can be expected to increase globally in the future owing 
to growing demands for minerals (United Nations 
Environment Programme [UNEP] 2013; Northey et al. 
2014; Maus et al. 2022). The global increase in the 
demands for metals thus gives rise to the threat of 
increasing natural habitat loss (Sonter et al. 2017) 
and the pollution of water bodies (Armah et al. 2010; 
Zhou et al. 2020). Moreover, mining accidents have 
resulted in significant unpredicted impacts, and have 
further increased the negative attitudes towards mining 
among communities and the public (Cunningham 2005; 
Andrews et al. 2017; Sairinen 2017). Indeed, one of the 
challenges in assessing the impacts of mining is that the 
magnitude and severity of the environmental impacts 
must always be considered alongside risks of accidents 
and the accumulation of poorly identified impacts. Local-
scale mining impacts on biodiversity and environment 
may also last over 100 years (Beane et al. 2016).

While the environmental impacts of mining are a serious 
governance challenge, minerals and metals-based 
products and services are also a tool for mitigating 
some of these impacts. For example, as noted in 
earlier chapters, the solutions for low-carbon energy 

designed to tackle global climate change are often highly 
dependent on minerals. The possible impacts of mining 
on the environment are reviewed here with respect to 
greenhouse gas emissions, water use, waste generation 
(including tailings), land use, degradation of soil and 
water quality, and biodiversity.

The simplified diagram in figure 3.1 presents the 
typical production flow of many metals, involving three 
major stages shown as red boxes numbered 1 to 3: 
mining a natural mineral concentration; producing a 
concentrate from the mined raw ore; and extracting the 
metal, complemented by refining as necessary. On-site 
impacts sometimes also take place after the closure of 
the mine, particularly if the closure is not well managed. 
(The stages of mining in relation to their financing is 
discussed in more detail in Chapter 5.)

The governance of impacts relies on environmental 
baseline data acquisition, impact assessments, 
management plans and high-standard permitting 
procedures at the local and national levels, as well as 
corporate ESG management practices, which connect 
a local sustainable development licence to operate to 
global value chains. An understanding of the baseline 
conditions and the risk of the environmental impacts of 
mining activities is of paramount importance for their 
technical management and reduction of the impacts to 
the minimum level possible. 

Favious © Shutterstock
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Figure 3.1: A simplified representation of the production flow of metals, with its inputs and related emissions and 
waste flows     
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3.4.2 Energy consumption and 
greenhouse gas emissions

The production of minerals and metals (especially steel, 
aluminium and cement) is a major contributor to global 
greenhouse gas emissions, estimated to represent 16 
per cent (Organization for Economic Cooperation and 
Development 2019) to 18 per cent (IRP 2020b) of all 
greenhouse gas emissions. The main reason is that 
the production of minerals and metals is still based on 
carbon-based fossil fuels. Figure 3.2 shows an estimate 
of the share of these fuels in the 2010 and 2020 energy 
consumption of the world’s 20 largest producers of 
minerals and metals, based on the 2021 Statistical 
Review of World Energy of BP (2021), with data on the 
2020 energy mix for 17 of these countries (no data 
for the Democratic Republic of the Congo, Ghana or 

Guinea). On average, in 2020, carbon-based fossil fuels 
represented 80 per cent of the energy sources used in 
these countries, with only a few countries (Brazil and 
Peru) having a somewhat less fossil-based energy 
production profile owing to their abundant hydropower. 
On average, the consumption of carbon-based fuels 
declined from 87 per cent in 2010 to 82 per cent in 
2020. However, the consumption of carbon-based fossil 
fuels significantly increased in some major countries 
producing minerals and metals during this same period. 
In the top five countries producing minerals and 
metals in 2020, representing 53 per cent of the world’s 
production value, carbon-based fossil fuel consumption 
mostly increased, with only South Africa recording a 3 
per cent decrease. The increase was most significant 
in India (43 per cent) and China (41 per cent), and more 
moderate in Australia (6 per cent) and the Russian 
Federation (3 per cent). 
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Figure 3.2 : The world’s 20 largest minerals and metals producing countries, represented by their share of the 
global production value of non-energy minerals and metals in 2020, including cement (blue bars on the right 
vertical scale), and by the share of carbon-based fuels in their 2010 and 2020 national energy mixes (left vertical 
scale, red and yellow bars).
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These consumption trends do not bode well for the 
global transition towards a low-carbon energy or zero-
carbon energy world. The huge demand for the minerals 
and metals needed for this transition may at worst 
contribute to increasing greenhouse gas emissions, 
further aggravating sustainability challenges. Decoupling 
increasing well-being and economic growth from their 
unsustainable impacts, as advocated by UNEP (2011; 
2014), is needed more urgently than ever.

The use of solar and wind power energy coupled with 
the use of electric heavy machinery offers a major 
opportunity to the minerals and metals industry and 
societies to reduce their carbon footprint. However, 
the high capital cost of mining equipment and the 
costly management of the intermittent nature of these 
renewable energy sources are likely to be major hurdles 
for companies operating on a year-round schedule, 

wanting to reduce their dependence on carbon-based 
fossil fuels and their related greenhouse gas emissions. 
The energy transition in all industries with significant 
investments in machinery that is not dependent on fossil 
fuels, including the minerals and metals industry, is likely 
to progress slowly. For new operations, sustainable 
energy solutions should be considered from the early 
planning stage of new projects.
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3.4.3 Water use and pollution

The production of some minerals and metals requires 
large amounts of water (table 3.2, Gunson 2013). 
The extraction and processing can have significant 
environmental impacts on waterbodies and groundwater, 
which can extend to large areas (Ochieng et al. 2010; 
Jain et al. 2015; Wolkersdorfer and Mugova 2022). 
Extreme weather conditions accompanied by climate 
change can aggravate environmental problems at 
mines and on processing sites. Water scarcity can be 
aggravated by droughts and by the excessive extraction 
of groundwater through boreholes, whereas floods 
can increase the risk of accidents and uncontrollable 
discharges to the environment (Green et al. 2011; 
Kossoff et al. 2014).

In water-stressed areas, groundwater resources used by 
the mining industry can be in short supply (Santana et 
al. 2020), Specifically, in areas where groundwater has 
no or limited natural recharge, mining can drive water 
scarcity in dramatic ways. Water use to produce minerals 
and metals can be a source of conflicts in water-stressed 
areas or in areas with competing water demands, for 
instance for drinking water supply, sanitation, agriculture, 
leisure, tourism and biodiversity support. Water scarcity 
can be a catchment level challenge.

Acid mine drainage can have severe impacts on surface 
and groundwater, and on soil, as well as on human health 
(Jacobs et al. 2014; Zhang et al. 2017; Chen et al. 2021), 
as discussed further in the following sections. 

The figures in table 3.2 show large differences in the 
unitary (m3 water per metric ton metal contained) water 
consumption needed to produce the listed metals, with 
the production of gold requiring much more water than 
the production of copper, essentially because of the very 
low grade of gold ores. As water impacts are relatively 
local or regional, their assessment also needs to be done 
at the appropriate level. Water use does not necessarily 
show up as significant in national level water accounts. 
For example, in Australia, one of the world’s most 
important producers of minerals and metals, mining 
water use only represented 1.6 per cent of the national 
primary water consumption in the 2019–2020 fiscal year 
(Australian Bureau of Statistics 2022). However, the local 
and regional hydrological impacts can be significant.

The production of minerals and metals can pollute water 
resources, for instance further to the weathering and 
oxidation of residual sulphidic or sulphosalt minerals 
present in the mining waste (Kossoff et al. 2014). 
These pollution impacts are often also associated with 
the tailings, as the very fine-grained residue of the ore 
processing can pollute waterbodies and groundwater 
(Kossoff et al. 2014). Pollution is both an operational 
challenge, with emissions taking place during the 
lifetime of the mine and after its closure, and a risk 
management challenge, as accidents can result in 
irreversible damages. Environmental governance through 
the permitting or licensing of individual mines often is 
focused on emissions and assesses them at the mine 
and along relevant watersheds. Water-related issues are 
potent drivers of conflicts between minerals and metals 
producers and local populations. They also often expose 
the landscape-level impacts of contamination (Budds 
and Hinojosa 2012).

DesignRage © Shutterstock

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

110



Table 3.2 : Water use estimates for the production of selected metals, in m3/metric ton water per metric ton 
contained metal

Products and related production processes Ore type Ore grade Direct 
(m3/t)

Indirect 
(m3/t)

Total 
(m3/t)

Data 
sources

Copper cathodes production from ore processing by 
flotation, followed by pyrometallurgy and refining

Copper Sulfide 0,75% copper (Cu) 91 37 128 a

Copper cathodes production from ore processing by 
flotation, followed by pyrometallurgy and refining

Copper Oxide 0,75% copper (Cu) 70 198 267 a

Copper concentrates + cathodes production from ore 
processing by flotation, followed by pyrometallurgy and 
refining, as well as from solvent extraction fllowed by 
electrowinning (Hydrometallurgy)

Copper sulfide + 
oxyde - Chilean 2020 
production

0,64% copper (Cu) 96 ? c

Gold produced via the carbon-in-pulp (CIP) process Gold Non-refractory 3,5 g gold (Au)/t 244 701 69 732 314 433 a

Gold produced via the pressure oxidation + carbon-in-
pulp (CIP) process

Gold Refractory 3,5 g gold (Au)/t 284 235 149 112 433 347 a

Nickel, produced via the pyrometallurgical process Nickel Sulfide 1,3% niquel (Ni) 68 35 102 a

Nickel produced via the high-pressure acid leaching 
(HPAL) processing roure

Nickel - limonitic ore 1,3% niquel (Ni) 303 1 409 1 712 a

Class I Nickel produced via the high-pressure acid 
leaching (HPAL) processing roure

Nickel - limonitic ore 
(laterite deposits)

106 ? ? b

Ferronickel with 27% Ni produced via the 
pyrometallurgical process, per t vontained Ni

Nickel - saprolitic ore 
(laterite deposits)

924 ? ? b

Nickel sulphate produced via the high-Pressure Acid 
Leaching (HPAL) processing route, per tonne nickel 
sulphate (NiSO4)

sulphidic and 
imonitic ore from 
laterite deposits)

80 ? ? b

Sources: a - Northey and Haque, 2013. b - Bonzaier, 2020. c - COCHILCO (2021)

The overall environmental impacts of the production of 
different metals vary, with the production of copper, gold 
and platinum being particularly problematic in terms 
of eco-toxicological impacts (IRP 2019). Mining and 
mineral treatment approaches depend on the physical 
and chemical characteristics of the ore, and therefore 
the composition of wastes generated from mines differs 
(Falagán et al. 2017; Agboola et al. 2020). Chemicals, 
such as flotation agents, are used in beneficiation 
processes and these chemicals are not usually 
monitored in waste waters and consequently very little 
is known about the fate of these chemicals after water 
is released to nature from water management ponds 
(Cacciuttolo and Cano 2022). 

Environmental impacts depend on the nature and the 
tonnage of the extracted mineral or ore and the sensitivity 
of the surrounding environment. However, even low-
tonnage unregulated artisanal small-scale mining 
productions can have severe and long-lasting impacts on 
water resources and quality, and on human health. These 
artisanal small-scale mining impacts are mainly caused 
by using mercury for gold extraction (Markham and 
Sangermano 2018; Palacios-Torres et al. 2018; Macháček 
2019; Achina-Obeng and Aram 2022; Gerson et al. 2022). 

The environmental impacts of artisanal small-scale gold 
mining are highly significant. This is currently the main 
global source of highly toxic mercury emissions (Palacios-
Torres et al. 2018). 

However, lithium and copper mines in Chile have also 
raised concerns about water. In Chile, lithium is mined 
from underground brine reserves and the extraction of 
brines is not regulated under the Water Code, but under 
the Mining Code. The Indigenous communities living 
nearby blame the depletion of their freshwater and 
groundwater reserves (as well as associated impacts, 
such as decreasing agricultural yield and the salination 
of soil) on the extensive mining of brines (Jerez et al. 
2021). Copper mining in the Antofagasta region has led 
to other problems related to freshwater use in mining 
(Babidge 2016).

Carefully planned and implemented water management 
can mitigate many of the harmful impacts. For instance, 
water sourcing can be targeted. Water supply from 
groundwater should be based on dynamic three-
dimensional hydroclimatological modelling to ensure 
that water withdrawal is sustainably compatible with 
the characteristics of the relevant groundwater body. 
Permission for water withdrawal needs to take into 
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account other needs for the same water resource, for 
instance for human water supply or for agriculture. 
Process water can be recycled, and wastewater 
treatment can be carried out in tailored plants to 
minimize impacts. Investments in reducing water use 
and contamination risks are costly and can therefore 
need to be enforced by the government or financiers, 
or by the public. Overall, water requires systematic 
governance owing to the multiple benefits and uses of 
accessible clean water. Management of water impacts 
is best organized in countries and regions with well-
documented surface and groundwater resources, 
clear and effectively implemented regulations on 
water use and management, technical competence for 
management and transparent public reporting practices. 

3.4.4 Waste and harmful substances 

Tailings from mining are the very fine grained, sand-like, 
uneconomic residue resulting from the ore processing. 
They are defined by the European Union as: “The waste 
solids or slurries that remain after the treatment of 
minerals by separation processes (e.g. crushing, grinding, 
size-sorting, flotation and other physico-chemical 
techniques) to remove the valuable minerals from the less 
valuable rock” (European Union 2018). Franks et al. (2021) 
estimate that the production of minerals and metals 
worldwide generates each year about 13 billion metric 
tons of tailings waste. This inventory is the first of its kind, 
covering over 1,700 ore tailings disposal sites. Tailings 
need to be safely stored in perpetuity. Developing safe 
further uses of tailings constitute a pressing challenge for 
the mining industry.

Different segments can be an important source of local 
pollution owing to the presence of harmful unrecovered 
by-products in the tailings and/or mining waste. Franks 
et al. (2021) estimate that the three largest tailings-
producing minerals and metals industry segments are 
the phosphate, copper and gold production industries. In 
2020, the copper production of Chile, the world’s largest 
producer of copper (28 per cent of the 2020 world copper 
production at the mining stage, according to Reichl and 
Schatz 2022), will have generated about 890 Mt tailings, 
a figure calculated based on the average national 0.64 
per cent copper grade reported by the Chilean Copper 
Commission (2021).

55 	https://www.wise-uranium.org/

In the absence of reuse in other segments of the local 
economy, tailings are disposed of in tailing ponds, 
contained by specifically designed confinement 
structures: tailing dams. The largest tailing ponds can 
cover areas of 10 km² and more. For cost reasons, 
the design of tailing dams may involve compromises 
between cost and reliability over time in given local 
conditions. Their failure can lead to large-scale 
impacts on the local environment, for example 
through river siltation or the release of pollutants. 
It can also kill workers and local people: in 2019, in 
Brazil, the Brumadinho iron ore tailings dam failure 
killed over 250 people and led to major environmental 
devastation (Silva Rotta et al. 2021). This was a major 
catastrophe in the list of about 130 of major tailings 
dam failures recorded since 1960 in the regularly 
updated chronology published by the Wise Uranium 
Project55. This led directly to the launch by the industry 
(International Council on Mining and Metals [ICMM]), 
the United Nations Environment Programme (UNEP) 
and concerned investors of the Global Tailings Review, 
which is discussed further in later chapters. 

The weathering of residual sulphidic or sulphosalt 
minerals that are considered uneconomical to recover can, 
especially in humid and warm climates, be a source of one 
of the major negative impacts of the minerals and metals 
industry, known as acid mine drainage (Jacobs et al. 
2014). Acid mine drainage is caused by the development 
of bacteria with a sulphur-based metabolism, thriving 
on the surface of these mineral grains, from which they 
recover their nutrient, releasing sulphuric acid and soluble, 
potentially hazardous and bio-assimilable, compounds 
of one or several of the following unrecovered elements 
that can be present in the tailings, especially from 
sulphide rich copper, gold or nickel deposits, including 
arsenic, cadmium, chromium, cobalt, lead, mercury, 
nickel, selenium, tellurium and zinc. Sulphide-rich mineral 
assemblages are the main source of acid mine drainage 
if waste rock piles, tailings and mine structures are 
not managed. Typically, a low pH may increase heavy 
metal release into soils and waters (Akcil and Koldas 
2006). The processing of phosphate ore can also be a 
significant source of cadmium, fluorine, lead, mercury or 
radionuclides releases into the environment or into food 
produced using fertilizers derived from rock phosphates 
(Reta et al. 2018; Khelifi et al. 2021; Silva et al. 2022). 
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Potentially harmful pollutants can also be disseminated 
by wind, as very fine-grained particulate matter. Wind-
deposited metalliferous mine dust originating from 
mine tailings can end up several kilometres away from 
the tailings (Frelich 2019), although the amount of 
deposited dust decreases with distance (Bussinow et 
al. 2012). Metalliferous mine dust may be hazardous 
depending on its abundance, particle size, chemical 
composition, solubility and shape, and surface area 
(Entwistle et al. 2019). Dust contamination from a 
mine has been assessed, using lichens for example. 
During the operational phase of mining, lead and zinc 
concentrations have been observed up to 35 km from 
the mine. Significantly elevated lead concentrations have 
been observed within 20 km and zinc concentrations 
within 5 km from the mine (Søndergaard et al. 2011).

Like water issues, soil and air contamination should be 
addressed in mining permits, with detailed assessments. 
For example, the heavy metal content of soil in 
mining areas may be many times higher than national 
environmental quality standards. This exposes local 
people to the risk of carcinogenic and non-carcinogenic 
diseases and causes environmental degradation in the 
vicinity of mining areas (Li et al. 2014). 

3.4.5 Biodiversity 

In addition to climate change, the loss of biodiversity and 
habitats has been recognized as one of the most serious 
threats to humanity (Cardinale et al. 2012; Mace et al. 
2018; Reid et al. 2019; Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services [IPBES] 
2019a). Mining-related impacts on biodiversity may arise 
from the removal of vegetation and soil on site, leading 
to habitat destruction and the destruction of ecosystem 
services, water use in the mining processes, and waste 
and pollution generation, as well as changes in land use, 
both at and beyond the site. In addition, metal-mining 
activities will have indirect influences on biodiversity 
through climate change, but the strength of these 
influences will depend on the net impacts of mineral 
mining and green technologies on greenhouse gas 
emissions. This section consists of a literature review 
and a meta-analysis of the potential impacts of mining 
on the essential biodiversity variables.

IRP (2019) has recognized land use as a major cause 
of biodiversity loss, with agriculture as the main driver 
of biodiversity loss and water stress globally. Although 
metal mining activities, which occupy less than 1 per 
cent of global land area, do not belong to the top drivers 
of biodiversity and habitat loss (Murguía et al. 2016; IRP 
2019), mining is a significant driver of land-cover change 
and can cause far-reaching impacts on biodiversity 
(IPBES 2019b; World Wide Fund for Nature [WWF] 
2023). Mining-related infrastructure development is not 
always accounted for when assessing the impacts of 
operations. Also, at the end of a mine’s life cycle, the 
fragmentation caused by the operation remains with 
tailings, water storages, buildings, roads, railroads and 
electricity lines (Renn et al. 2022). In addition to the 
ecotoxicological impacts of mining, the mining effects 
on biodiversity are often related to land use, with the 
most significant loss of biodiversity globally associated 
with coal, nickel and precious metal (e.g. gold) mining 
(Cabernard and Pfister 2022).

There are approximately 17,000 large-scale mining 
sites in 171 countries, mostly managed by international 
corporations, and significant artisanal and small-scale 
mining. Both mining types and sites are relevant for 
biodiversity impacts (Bansah et al. 2018; IPBES 2019; 
Marconi et al. 2022). Because of the local or regional 
character of mining impacts on biodiversity, they are 
often estimated to be moderate (e.g. IPBES 2009; 
Mykrä et al. 2021) or considerable (e.g. Leppänen et al. 
2017). However, biodiversity impacts have also been 
characterized as large-scale disasters, particularly 
following accidents (Koenig 2000; Cunningham 2005; 
Garcia et al. 2016).

Mining projects lead to biodiversity loss, especially when 
these projects are in ecologically valuable and vulnerable 
ecosystems. For biodiversity, the impacts of mining are 
particularly meaningful when mining enters pristine and 
remote areas, where mineral extraction with associate 
infrastructure development may inflict significant pressure 
on the environment and biodiversity (Sonter et al. 2017; 
2020). Increased demand and the depletion of easily 
accessible mineral reserves pushes mining activities into 
new areas, including tropical forests, other vulnerable 
ecosystems and fragile areas (Sonter et al. 2017; IRP 
2019). These severe risks occur both through large mining 
projects and artisanal mining activities. Mining areas 
of certain metals, e.g. nickel, bauxite and silver, tend to 
overlap with global biodiversity hotspots (Murguía et al. 
2016). Some 7 per cent of mining areas are estimated 
to overlap with key biodiversity hotspots and 16 per cent 
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with remaining wilderness (Durán et al. 2013; Sonter et al. 
2020). Sonter et al. (2020) estimate 8 per cent of protected 
areas to be potentially influenced by mining. This is 
because an additional 27 per cent of mines are located 
within 10 kilometres of the boundaries of protected areas. 
These overlaps are especially high in Europe, where 16 per 
cent of mines are located inside protected areas and 46 
per cent in their vicinity (Durán et al. 2013).

Mining actions can pose serious and direct threats to 
biodiversity and the environment (Sonter et al. 2017; 
IPBES 2019). However, the evaluation of the final global 
biodiversity and environmental impacts of mining is 
complex. The final impacts may be less significant than 
direct biodiversity impacts when considering all the 
indirect pathways of impacts, which may partly support 
biodiversity (Sonter et al. 2018). Direct impacts, such as 
hazardous substance emissions to water, are easier to 
measure than indirect ecosystem impacts (Renn et al. 
2022). Indirect impacts are not visible and may be long 
lasting. These could be, for example, changes in soil 
ecosystems that are dependent on ground water. The 
strength of impacts depends on the geochemistry at the 
site, how the extraction of ores is processed (open pit or 
underground mining) and whether ore concentration is 
operated at the site, the methods and chemicals used 
in concentration processes, and the size of waste areas 
(side rock piles and tailings ponds) on the site. The 
magnitude of impacts also depends on the sensitivity of 
the environment. The release of hazardous substances, 
such as heavy metals, to the environment causes 
population-level impacts on many organisms, such as 
fish. Heavy metals are persistent, bio-accumulative and 
toxic. The most relevant heavy metals and metalloids, in 
terms of negative environmental impacts, are chromium, 
nickel, copper, zinc, cadmium, lead, mercury and arsenic 
(Ali et al. 2019). Even though some heavy metals are 
essential for biological systems as micronutrients, and are 
thus important for organisms, some are toxic and non-
essential, such as cadmium, lead and mercury (Ali et al. 
2019; Edelstein and Ben-Hur 2018).

Terrestrial habitats

Habitat loss is the most significant pathway of impacts 
on terrestrial biodiversity caused by mining. Mining 
drives extensive deforestation in tropical rainforest areas, 
the Amazon, Africa and South-East Asia. 

56	 Galling insects use plant tissue for development creating a “gall” or abnormal growth on the plant. Such insects include gall wasps, gall midges, 
aphids and jumping plant lice.

In addition to the establishment of mining pits and 
processing infrastructure, transportation infrastructure 
and urban development associated with mining areas 
contribute to deforestation (Sonter et al. 2017; Kyere-
Boateng and Marek 2021). According to the World Wide 
Fund for Nature (WWF) (2023), mining-related tropical 
deforestation is growing fast, with a current rate of 
3,000 km2 per year, while, according to FAO, the annual 
deforestation rate has been at 100,000 km2 during 
the same period. Most mining-related deforestation is 
driven by coal and gold mining but also some critical 
minerals result in deforestation in significant amounts, 
with bauxite, iron ore, copper and manganese accounting 
for some 2,000 km2 of deforestation over the last 20 
years (WWF 2023). This phenomenon links biodiversity 
loss with climate change driven by land use, as tropical 
rainforests are the largest global carbon sinks (Brienen 
et al. 2015). Similar impacts of mineral mining on the 
environment and biodiversity are related to land use, road 
building and urban development, not only concerning 
tropical forests, but also other terrestrial ecosystems 
where mines are established (Rivas et al. 2006). 

Direct mining impacts on terrestrial biodiversity are 
generally caused by vegetation and soil removal, 
increased metal concentrations in soil (Li et al. 2014), 
terrestrial acidification and air pollution (Fugiel et al. 
2017; Farjana et al. 2019). This may result in the loss 
of all related ecosystem services, many of them little 
known owing to the lack of in-depth studies. In addition, 
the composition of vegetation and plant diversity may 
change because of emissions from mining waste areas 
(Närhi et al. 2012). Changing habitats as a result of 
mining activities have impacts on herbivorous insects, 
which vary from negative to positive. For example, Araujo 
et al. (2014) have observed higher species richness 
of galling insects56 in mining-impacted areas than 
in areas without mining impacts. Galling insects and 
other herbivorous invertebrates may be favoured by a 
pollution-induced decrease in the abundance of sensitive 
predators, which may result in the creation of an enemy-
free space for herbivores (Zvereva and Kozlov 2010). 
On the other hand, plants may sometimes benefit from 
metal pollutants (e.g. heavy metals) that can serve as 
a direct chemical defence function against herbivores 
(Boyd 2010).  
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Microbes are essential for soil functions, such as 
nutrient cycling and mineralization of organic matter. 
For example, heavy metal and other pollution induced by 
mining activities may change microbial communities of 
soil and therefore disturb natural ecosystem functions 
and processes driven by soil microbes (Brookes 1995; 
Liu et al. 2020). In addition, symbiotic plant-bacteria 
ecosystem functions, such as atmospheric nitrogen 
fixation, have been seen to be negatively affected 
by heavy metal pollution in soil (Giller et al. 1998). 
Närhi et al. (2012) have observed that the changes in 
soil elements, their interactions and species-specific 
differences of plants in tolerance to toxic elements 
caused changes in vegetation and the highest 
concentrations of toxic elements reduced plant diversity 
by over 50 per cent. High concentrations of zinc, lead 
and cadmium may decrease plant metabolic activity and 
induce oxidative damages, which may lead to decreased 
plant growth (Wójcik et al. 2013). The contamination by 
emissions from weathering tailings has been studied, 
and high concentrations of calcium, magnesium and 
phosphorus, as well as toxic elements, such as arsenic, 
cobalt, copper, sulphur and zinc, have been observed in 
plumes. Nickel may cause harm to the nutrient balance 
in plants and high amounts of chromium have a negative 
impact on photosynthesis. Importantly, plants are one 
pathway from soil contaminated with heavy metals to 
exposure of humans and herbivore species with possible 
health risks (Edelstein and Ben-Hur 2018). 

High copper, zinc and iron concentrations have been 
observed to inhibit growth of algae in soil. Increased 
and diverse growth of algae has thus been observed 
in tailing waste areas after decreases in heavy metal 
contents (Song et al. 2014). The growth of algae created 
suitable conditions for the growth of higher plants (Song 
et al. 2014). On the other hand, some plants accumulate 
high metal levels in their tissues without symptoms of 
toxicity. These hyper-accumulator plants are able to 
take up metals and can be used in the phytoremediation 
of metal-contaminated soils (Lofty and Mostafa 2014; 
Mahar et al. 2016). For plants, the main route of heavy-
metal accumulation is through roots, but some uptake 
may occur also via leaves. 

Freshwaters

In addition to sometimes being responsible for the 
excessive withdrawal of surface and groundwater, as 
noted above, mining causes impacts on freshwater 
ecosystems through emissions and discharges of 
harmful substances, such as toxins and heavy metals, 

increasing their concentrations in water, sediments and 
aquatic biota (Allert et al. 2012; Palacios-Torres et al. 
2018; Zhou et al. 2020). Moreover, sulphate emissions 
from the mining industry may cause unnaturally strong 
vertical stratification of lakes and major changes in 
biota owing to increasing salinity towards deeper water 
layers (Leppänen et al. 2017; Leppänen et al. 2019; 
Perrett et al. 2021). Heavy metal concentrations in 
freshwaters tend to be higher in Asia, Africa and South 
America than in Europe and North America (Zhou 
et al. 2020) and can be increased further by mining 
activities. The concentrations in developing countries 
often exceed the health and environmental threshold 
limits of the World Health Organization and the United 
States Environmental Protection Agency, whereas 
concentrations are generally below these limits in 
Europe and North America. Collectively, global heavy 
metal concentrations have increased over time from 
the 1970s and 1980s. Global analysis also showed that 
sources of heavy metal pollution in rivers and lakes have 
changed over time. Between the 1970s and the 1990s, 
mining and manufacturing were the dominant sources 
of pollution. In the 2000s and 2010s, most of the heavy 
metal pollution was related to rock weathering and waste 
discharge with smaller contributions originating from 
mining and manufacturing (Zhou et al. 2020).

Heavy metals have multiple negative influences on 
freshwater biota. Heavy metal contamination affects the 
survival, growth rates and welfare of fish, and inhibits 
the silica uptake of diatoms (Smith and Manyolov 
2007, Falasco et al. 2009, Lavoie et al. 2017, Ali et al. 
2019). Heavy metal pollution may cause morphological 
deformities in organisms, such as fish, benthic 
macroinvertebrates and diatom algae (Martinez et al. 
2002; Sfakianakis et al. 2015; Pandey and Bergey 2016; 
Lavoie et al. 2017). The morphological deformities of 
organisms, such as fish, are often associated with 
decreased growth rates, physical conditions, reproduction 
and survival rates (Sfakianakis et al. 2015).

Mining-related increases in the metal concentrations of 
sediment and water columns result in changes to the 
abundance, community composition and diversity of 
freshwater organisms (e.g. Mebane et al. 2015; Beane 
et al. 2016; Azevedo-Santos et al. 2021; Mykrä et al. 
2021). The tolerance of species to metal emissions 
and contamination varies, resulting in the change in 
community composition along the metal gradients. 
This is a result of the dominance of tolerant species 
and the absence of sensitive species at the high metal 
concentrations, whereas the relative proportions and 

115

CHAPTER 3: Issues in mining today relating to the social licence to operate and the environment



abundances of sensitive species generally increase with 
decreasing metal concentrations (Loayza-Muro et al. 2010; 
Mebane et al. 2020). In addition to the species-specific 
tolerance differences to mining emissions within certain 
taxonomic groups (e.g. benthic macroinvertebrates or 
fish), tolerance to mining impacts also varies between 
different taxonomic groups of organisms. Mykrä et 
al. (2021) observed that the diatom species diversity 
responded significantly to mining effluents, whereas 
benthic macroinvertebrates were less sensitive without 
significant species richness or evenness responses. 
Mining effects were, however, significant on the 
community composition of both organism groups, but 
more distinct impacts were observed on diatoms than on 
macroinvertebrates. Besides impacts on species diversity, 
metal mining may also affect the genetic diversity of 
freshwater organisms. Paris et al. (2015) observed lower 
genetic diversity in metal-impacted brown trout (Salmo 
trutta) populations in areas with a long mining history 
when compared to unimpacted trout populations. Their 
analyses also indicated historical population bottlenecks 
with severe past population declines in populations 
impacted by mining.  

When considering metal toxicities to aquatic 
organisms, it must be remembered that the toxicity 
and bioavailability of metals are not only dependent on 
their concentrations, but are also affected by multiple 
water chemistry variables and different combinations 
of interactions with these variables. These connected 
variables include pH, water hardness, alkalinity and 
concentrations of organic compounds, such as humic 
and fulvic acids (Heijerick et al. 2003; Magalhães et 
al. 2015). Of these, pH is probably the single most 
important variable that influences the behaviour of 
metal in the aquatic environment. Low pH induces 
the dissociation of metals, increasing their solubility 
and toxicity. On the other hand, in alkaline pH, most 
metals precipitate as oxides and hydroxides, thereby 
becoming less bioavailable and less toxic to aquatic 
organisms (Cornelis and Nordberg 2007; Magalhães 
et al. 2015). High water hardness generally associates 
with lower metal toxicity (Mebane et al. 2012). This is 
because calcium ions and magnesium ions in the form 
of carbonates are blocking entry of metals into organism 
cells (Magalhães et al. 2015). Moreover, high alkalinity 
in water decreases the toxicity of metal ions by active 
competition for binding sites in tissues (Santore et 
al. 2001) or by reducing metal concentrations though 
the formation of insoluble precipitates (Cornelis and 
Nordberg 2007; Magalhães et al. 2015). High organic 

carbon concentrations in water are also associated with 
lower metal toxicity to aquatic organisms (Heijerick et al. 
2003). This is related to dissolved organic matter forming 
metal ligands that reduce the concentration of free metal 
cations and bioavailability (Di Toro et al. 2001; Magalhães 
et al. 2015). The geology of the catchment and water 
chemistry of the water body therefore greatly affect its 
ecological sensitivity to mining impacts. 

Mining-influenced water bodies are commonly loaded 
by multiple metals. When organisms are exposed to 
mixtures of several metals simultaneously, additive 
toxic impacts are often observed because species 
abundances may decrease when there are lower 
concentrations of a certain metal in the metal mixture, 
when compared to the situation where a species is 
exposed singly to this same metal (Mebane et al. 2020). 
On the other hand, in their toxicity tests, Mebane et al. 
(2012) observed higher tolerance of cutthroat trout to 
zinc in mixtures with lead and cadmium than in the 
situation where trout were exposed to zinc alone.

In addition to effects from mining-related metal 
pollution, metal mining in terrestrial and sand mining 
in aquatic environments are causing suspended 
solid loads on freshwaters, which consequently 
increase water turbidity (Affandi and Ishak 2019; 
Zou et al. 2019). The ecological impacts of increased 
suspended solids include gill damage, as well as a 
decrease of reproductive success, growth and survival 
of fishes (Lake and Hinch 1999; Rowe et al. 2009; 
Suedel et al. 2017; Affandi and Ishak 2019). Sand 
mining with increased turbidity in lakes has been 
observed to decrease the abundance and diversity of 
aquatic macroinvertebrates, and to change species 
composition in favour of smaller invertebrate body size 
when compared to undisturbed reference sites (Zou et 
al. 2019). 

Marine habitats
Shallower marine habitats and their biodiversity are 
threatened by the impacts of sand mining (Trop 2017; 
Doloksaribu et al. 2020; Cho and Kao 2022). These 
sand mining operations cause changes in water quality 
(Doloksaribu et al. 2020), and the status of benthic 
habitats and seabed communities, and may also modify 
hydrological conditions (Trop 2017). Sand mining 
operations may include the release of harmful or toxic 
substances, generated by the actual mining activities 
or through accidental releases from machinery or of 
materials used in mining (Trop 2017). 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

116



The existence of large mineral resources in the deep 
ocean floor have been known for decades. Earlier 
exploitation of these mineral deposits has been technically 
or economically infeasible, but owing to growing demand 
for minerals and technological development, interests 
have arisen in utilizing these resources (Koschinsky et al. 
2018). Deep-sea mineral resources include five types of 
deposits (Cristiansen et al. 2020):

	z ferromanganese nodules, which occur on abyssal 
plains and are especially abundant in the Pacific;

	z seafloor massive sulphides, formed at hydrothermal 
vents, which usually occur on active seamounts and 
mid-oceanic ridges;

	z cobalt rich ferromanganese crusts on seamounts 
and slopes on sediment-free substrates, which occur 
mainly at depths of 800–2,500 m; 

	z phosphorite nodules that occur at upper continental 
slopes at depths of 200–400 m; and

	z metalliferous sediments in brine pools that are only 
known to occur in the central trough of the Red Sea.

Currently, deep-sea mining is predominantly still in 
the planning phase and there are not yet any existing 
commercial deep-sea mining projects (Jones et al. 
2019; Kung 2021; Leng et al. 2021), although exploration 
licences have been granted across large areas of 
seafloor habitats of the world’s oceans (Marsh et 
al. 2018). In January 2024, Norway became the first 
country to approve deep-sea mining in principle in a 
large expanse of the Norwegian Sea.57 Companies are 
now expected to submit proposals to undertake the 
controversial practice.

In the current absence of commercial deep-sea mining 
activity, the ESG risks of deep-sea mining are still largely 
unknown (Kung et al. 2021). Deep-sea mining may, 
however, be risky as it is planned to occur in deep-sea 
habitats that are poorly understood in terms of their 
ecology and sensitivities (Levin et al. 2016; Jones et 
al. 2019). Most studies suggest that deep-sea mining 
causes stress and pollutes deep-sea habitats with 
likely impacts on marine biodiversity (Hauton et al. 
2017; Koschinsky et al. 2018; Drazen et al. 2020; Simon-
Lledó et al. 2020). Although, the environmental impacts 
of commercial deep-sea mining have not yet been 
demonstrated (Koschinsky et al. 2018; Simon-Lledó et al. 
2020), the observations from simulated mining impacts 

57	 https://www.bbc.co.uk/news/science-environment-67893808.

on the seafloor in 1989 and the observations since 
then have indicated significant and evident changes 
in seafloor habitats and community composition with 
decreased diversity and faunal abundance. These 
observations indicate that deep-sea mining could 
possibly lead to the irreversible loss of some ecosystem 
functions (Simon-Lledó et al. 2020).

One possible result of commercial deep-sea mining 
activity is the irreversible loss of particularly important 
deep-sea biodiversity. Some technical challenges (e.g. 
energy supply, extraction, vertical transport and mineral 
processing) need to be solved to enable financially viable 
deep-sea mining that has lower overall environmental 
impacts (Leng et al. 2021).     

Biodiversity conservation

Biodiversity loss has been recognized as one of the 
major global challenges that can jeopardize life on Earth 
(IPBES 2019). It is increasingly considered a governance 
challenge as serious as climate change. Recent highly 
visible analyses of the value of biodiversity (Dasgupta 
2021; IPBES 2022) have challenged traditional biodiversity 
governance and called for a recognition of the benefits 
that biodiversity and ecosystems provide. Increasingly, 
there is an expectation that companies and industries 
degrading biodiversity take more responsibility and 
develop solutions that would, ideally, both protect valuable 
ecosystems and fully internalize the environmental cost, 
thereby limiting and mitigating harmful activities.  

Biodiversity conservation has traditionally been governed 
by public authorities, through establishing protected areas 
or through limiting pressure on specific ecosystems via 
good management practices. Departing from this framing 
as a constraint on economic activity, conservation policy 
has increasingly addressed ecosystem services and 
included incentives and voluntary instruments, such as 
payments (Wunder et al. 2008), alongside the growing use 
of elaborate data and planning tools (De Groot et al. 2010). 
To complement protection approaches, imitating the ideas 
of carbon offsetting, there are initiatives for biodiversity 
offsetting to incentivize the mitigation of negative impacts 
and compensate those impacts that remain. Indeed, 
the mining sector has been a piloting sector for this 
instrument, with its geographically limited impacts and 
important local social pressure to offset negative impacts 
(Kujala et al. 2015; Droste et al. 2022; Kotilainen et al. 
2022). 
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Biodiversity conservation is also included in financing 
criteria and voluntary standards, alongside other 
environmental impacts. For example, the Biodiversity 
and Ecosystem Management indicator of the 
Environmental Responsibility section of the Responsible 
Mining Index is “the company commits to not explore 
or mine in World Heritage Sites, to respect other 
protected areas, and to not use practices that would 
threaten freshwater, marine, and deep-sea habitats”. 
While measuring biodiversity impacts on the ground 
can be challenging, this kind of clear criterion is easy 
to address and evaluate. However, as this section has 
shown, mining also takes place in protected areas, and 
mining outside protected areas comes so close that 
its impact spills over to protected areas. While official 
guidance may seek to reduce biodiversity loss (e.g. 
European Commission 2011, for Natura 2000 sites) 
or enable the mining sector to contribute to halting 
biodiversity loss, a starting point should be that mining 
should not take place in protected areas.

Valuation, mapping and payments as instruments for 
operationalizing biodiversity conservation for governance 
(Primmer and Furman 2012), have not yet transformed 
the ways in which resource governance and biodiversity 
conservation connect. The continuing dilemma is that 
the economic incentives that stimulate activities have 
not been successfully tackled, resulting in the overuse 
of natural resources and land conversion, often by a 
private sector appealing to consumer demand. The cost 
of biodiversity loss and ecosystem degradation does 
not show in the prices of resources. Rather, the costs of 
both gradual degradation and accidents are still mostly 
carried by the public sector and society. The ecological 
cost of land conversion has been acknowledged only 
after land-use related emissions have gained a status 
in greenhouse gas calculations. Land-use change is 
an important proxy for biodiversity and ecosystem 
service loss that could be governed with more ambition, 
although the protection of valuable and vulnerable sites 
must also be included in the policy mix. It is important 
to keep in mind that habitat loss and degradation are 
currently threatening over 80 per cent of endangered 
species, while climate change threatens 20 per cent of 
endangered species (Maxwell et al. 2016).

Governing metal-mining impacts alongside 
other environmental pressures 

A further challenge relates to the coincidence of many 
drivers of environmental degradation. Owing to global 
change, many ecosystems face multiple anthropogenic 
pressures simultaneously (Craig et al. 2017; Grizetti et 
al. 2017; Manning 2019). The question therefore arises 
of what kind of simultaneous and interactive effects 
does metal mining have with other pressures (e.g. 
eutrophication, forestry and climate change) on the 
environment and biodiversity. The meta-analyses of 
marine and freshwater ecosystems indicate that the net 
burden of multiple stressors on the environment may be 
commonly greater than (synergistic stressor interaction) 
or equal to their summed individual effects (additive 
stressor interaction), whereas net multiple stressor 
effects that are less than a potential additive outcome 
(antagonistic stressor interaction) are less frequent 
(Harvey et al. 2013; Ban et al. 2014; Jackson et al. 2016). 
Antagonistic stressor effects generally mean that 
multiple stressors influence the same set of sensitive 
species (Jackson et al. 2016). 

As mineral mining activities together with other stressors 
have indeed been observed to cause additive or 
synergistic impacts on the environment and biodiversity 
(Merriam et al. 2010; Raiter et al. 2014), it is important 
to consider and govern the possible multiple stressor 
effects in the ore-prospecting and planning phases of 
mineral mining projects, as well as when monitoring 
and assessing mining impacts on biodiversity and 
environment. While the magnitude and spatial extent 
of mining impacts can be controlled by case-specific 
risk assessment and efficient pollution control (Werner 
et al. 2019), this consideration should be extended 
to a system-level, in which the impacts of the entire 
value chain making use of metals would be identified, 
at least as a causal pathway, and ideally quantified. 
Together with the location-specific knowledge of 
sensitive biodiversity – protected or not protected – such 
understanding could meaningfully be integrated into new 
standards to be applied in steering and financing mining. 

The growing demand for transition minerals will result in 
an increase in environmental impacts in the future. There 
is therefore an absolute necessity for careful strategic 
planning to ensure that these new threats to biodiversity, 
water and soil will not exceed the positive climate impacts 
of renewable energy production.
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Box 3.2: A meta-analysis of mining impacts on biodiversity

To analyse the impacts that mining has on biodiversity, it is important to draw on recent empirical literature 
examining this topic. As the literature addresses a range of impacts in varied settings, generalizing and 
categorizing the impacts is essential. This box summarizes the main results of a meta-analysis that uses so-
called essential biodiversity variables, conceptualized and formulated by the efforts of the Global Biodiversity 
Observation Network (www.geobon.org). Essential biodiversity variables are seeking to support focused, 
integrated and effective biodiversity monitoring for assessment and policy (Pereira et al. 2013; Jetz et al. 
2019). Essential biodiversity variables have been conceptualized to meet the needs of the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) and the Convention on Biological 
Diversity (figure 3.3). 

Figure 3.3: Schematic vision of the Global Biodiversity Observation Network for the essential biodiversity 
variables, integrated into the contexts of monitoring, management, pressures, environmental policies, 
international conventions (Convention on Biological Diversity) and science-policy platforms, such as IPBES

Source: modified from the diagram of the Global Biodiversity Observation Network (www.geobon.org).

The essential biodiversity variables are aimed at capturing critical scales and dimensions of biodiversity, 
as biological state variables. They are defined so as to be sensitive to change and ecosystem agnostic, as 
well as be technically feasible, economically viable and sustainable in time. Essential biodiversity variables 
are categorized into five classes (genetic composition, species populations, species traits (within-species 
variation), community composition, ecosystem functioning) and into 21 variables with specific descriptions 
within these classes. 

For this meta-analysis, Tolonen et al. (manuscript nd), has examined the impacts of metal mining based 
on Web of Knowledge-searches of relevant studies published in 2012–2022. The search terms have been 
selected to focus on essential biodiversity variable classes, except for species populations, for which only 
species abundance is used, since mining operations with spatially limited and rather local impacts are not 
expected to affect large-scale species distributions. The review results are indicative, rather than statistically 
robust, as studies for essential biodiversity variables for each ecosystem type are rather few, but the general 
observation that can be drawn from this meta-analysis is the clear impacts that mining has on freshwater 
ecosystems. 
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This is important as freshwater ecosystems are particularly vulnerable and support disproportionately high 
levels of biodiversity considering their spatial coverage (Dudgeon et al. 2006). At the same time, species 
populations in freshwaters are declining more rapidly than those in terrestrial and marine ecosystems 
(Reid et al. 2019). This is alarming as the ecosystem services supported by freshwater biodiversity are 
highly valuable, or even essential, for humans, and the contribution of these aquatic ecosystem services 
to supporting local economies may be high (Dudgeon et al. 2006; Butler 2009; Heino et al. 2021). The 
meta-analysis shows that the mining industry needs to pay special attention to managing its freshwater 
biodiversity impacts.

Box 3.3: Mining and the environment in Africa

The environmental cost of mining tends to be quite high, as evidenced by the tragic failure of tailings dams (IRP 
2020a). Environmental costs are incurred during all phases of the mining process, from exploration to mine 
closure. Some areas of particular concern are the direct damage done to water and biodiversity from the mining 
process, damage attributed to waste produced during the mining activities and damage incurred after the mine 
has been closed. With regard to transition minerals in Africa, environmental impacts are already being felt.

The development of the Ambatovy Nickel mine in Madagascar has resulted in 2,000 hectares of pristine 
rainforest being cleared, destroying vital habitat of the endangered indri, the largest living lemur, and thousands 
of other species (Greenfield 2022).58 In Ghana, the opening of a bauxite mine led to deforestation that muddied 
the water for users downstream, making it unusable and forcing more than 2,000 people to rely instead on 
a borehole. The mine is expected to affect an estimated 17,400 hectares of the protected area (Agbo 2019; 
Gbadamosi 2020). Similarly, in Guinea, bauxite mining is likely to have huge environmental implications. It is 
instructive to note that exports to China have risen rapidly in the wake of Indonesia stopping exports to China 
for environmental and health reasons in 2014, and to Malaysia in 2016. Guinea is now the main supplier of 
China (Takouleu 2018). In essence, pollution has been exported to Guinea, yet Conservation International 
has classified Guinean forests as a global biodiversity hotspot.59 As in Ghana, bauxite is seen as key to the 
development prospects of Guinea and this might result in less attention being paid to environmental issues.

Macdonald (2018) points to disruptions, including population movements and noise, air and water pollution, 
that are invariably highly localized close to the resource. At the same time, mining activities tend to be in remote 
areas where inhabitants depend on direct environmental services for their livelihoods and lack the skills and 
investment resources to participate and benefit from mining activities. Communities where mining takes place 
thus bear the brunt of the environmental cost of mining activities. 

Mine closure is a huge environmental problem that, if not managed early and proactively, can leave 
communities vulnerable to dangers from closed mines, including unstable tailing dams that can poison land if 
they fail, and acid mine drainage. The key challenge here is that mining companies may go bankrupt or cease to 
exist once the mine is closed. If care is not taken to collect funds to support the rehabilitation and remediation 
of a closed mine, and in some cases monitor it for stability and the absence of hazardous leakages in 
perpetuity, society will bear the cost. A better approach is the creation of mine rehabilitation trusts by the mining 
companies. The board of trustees oversees and administers the trust funds to protect them from being used 
for other purposes. The mining company drafts the necessary plans and estimates for rehabilitation, and makes 
periodic payments to the trust, which accumulates adequate resources over time for rehabilitation projects. 
Recently, several mining companies in Botswana have used trusts as their preferred method of ring-fencing 
such funds (Dambe 2020)

Although a mine necessarily damages the environment during its operations, remedial measures can restore 
and even improve the environment. For example, the Ambatovy project has sought to mitigate its environmental 
impacts by slowing the deforestation driven by small-scale agriculture elsewhere. A study by researchers at 
Bangor University (Devenish et al. 2022) concludes that there has been no net loss of forest. However, although 
the number of forest hectares may be the same, there can be enormous differences in terms of biodiversity and 
ecosystem services between one hectare of rainforest and one hectare of planted secondary forest.

58	 https://www.theguardian.com/environment/2022/mar/09/ambatovy-the-madagascan-mine-that-might-prove-carbon-offsetting-works-aoe.
59	 http://www.biodiversityhotspots.org.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

120

https://www.theguardian.com/world/madagascar
https://www.afrik21.africa/en/author/takouleu/
https://www.theguardian.com/environment/2022/mar/09/ambatovy-the-madagascan-mine-that-might-prove-carbon-offsetting-works-aoe
http://www.biodiversityhotspots.org


Just as this report was being finalized in January 2024, 
the major global association for the mining industry, the 
International Council on Mining and Metals, set out a 
new commitment to nature-positive mining60 at the heart 
of which is a five-point plan for nature,61 which is worth 
quoting in detail. The five headline commitments are:

1.	 “Protect and conserve pristine areas of our natural 
environment: No mining or exploration in World 
Heritage Sites and respect all legally designated 
protected areas. 

2.	 Halt biodiversity loss at our operations: Achieve at 
least no net loss of biodiversity at all mine sites by 
closure against a 2020 baseline.

3.	 Collaborate across value chains: Develop 
initiatives and partnerships that halt and reverse 
nature loss throughout supply and distribution 
chains.

4.	 Restore and enhance landscapes: Around 
operations through local partnerships, including 
with Indigenous Peoples, land-connected peoples 
and local communities.

5.	 Catalyse wider change: Acting to change the 
fundamental systems that contribute to nature loss 
and fostering opportunities for nature’s recovery.

These commitments apply to activities across all 
four realms of nature – land, freshwater, oceans and 
atmosphere – leveraging companies’ areas of influence 
– from their direct operations, value chains and wider 
landscapes, through to creating the conditions required 
to achieve systems transformation. They are supported 
by transparent disclosures on performance outcomes, 
including publishing the results of nature-related impact 
and dependency assessments, and setting targets to 
address these.”

60	 https://www.icmm.com/en-gb/our-principles/position-statements/nature. 
61	 https://www.icmm.com/en-gb/news/2024/landmark-commitments-nature-positive. 

3.4.6 Conclusions 

This Chapter has provided a summary some of the 
important social and environmental issues that will 
need to be addressed by mining companies and 
mining stakeholders, including investors, if mining 
is to contribute to the achievement of sustainable 
development in host countries and obtain a sustainable 
development licence to operate, while supplying essential 
transition minerals to the wider world. Countries 
are looking for a secure supply of these minerals to 
contribute to their clean energy technologies and help 
them to achieve their commitments to reduce their 
greenhouse gas emissions under the Paris Agreement. 
Local communities and host governments are looking 
for real shared value from mining that utilizes their non-
renewable resources. They seek to achieve long-term 
and sustainable growth in their living standards, while 
also safeguarding their natural environments. Companies 
and investors are looking for profitability and returns, and 
ways to manage their risks.

Social and environmental pressures caused by mining 
activities will increase globally in the future owing to the 
growing demand for minerals. The global increase in 
the demand for metals gives rise to increasing carbon 
emissions from mining and processing. However, as 
the aim is to balance climate impacts, the even more 
serious expanding impacts come through the loss of 
natural habitat and biodiversity and the pollution of water 
bodies. The impacts vary in their scale. Greenhouse gas 
emissions from mineral sourcing and processing are the 
most prominent global environmental impact, while land-
use change, waste and many chemical and particulate 
matter emissions mostly generate locally significant 
impacts on water, soil and biodiversity. A significant 
amount of mining occurs in pristine or otherwise 
valuable biodiverse areas, resulting in proportionally 
more biodiversity loss than indicated by the small area of 
mining sites. Deforestation and other impacts driven by 
land-use change are felt beyond the immediate mining 
areas, as mining comes with infrastructure development. 
In addition, there is a particular need for mining to 
assess the magnitude and severity of the environmental 
impacts, alongside the risks of accidents and the gradual 
accumulation of poorly identified impacts. 
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The governance of mining impacts relies on 
environmental impact assessments and permissions 
at the local and national level, as well as corporate ESG 
management practices, which connect a sustainable 
development licence to operate at the local and company 
levels to global value chains. To supplement the 
necessary protection of valuable habitats and regulation-
based governance, incentives and voluntary instruments, 
and innovative instruments, such as offsetting, should 
be promoted. Biodiversity impacts should be considered 
in relation to all land conversion driven by mining, and 
importantly also in freshwater habitats, as they often 
also transfer impacts in the landscape. 

An understanding of the potential environmental impacts 
of mining activities is of paramount importance for 
their technical management and reduction to a socially 
and environmentally acceptable level. Companies and 
industries degrading biodiversity and ecosystems should 
take more responsibility and develop solutions. It is to 
be hoped that the implementation of the commitment 
of the International Council on Mining and Metals to 
nature-positive mining, made in January 2024, will show 
how to realize this concept in practice. Any extra cost 
of this development and management work should be 
recovered from the value chain through higher prices. 

3.5 CONCLUSIONS OF THE CHAPTER
Mining companies have understood for many years that 
successful mining requires a social licence to operate. 
An earlier report, Mineral Resource Governance, by the 
International Resource Panel in 2020 recommended that 
this should be extended to a sustainable development 
licence to operate, so that mining could play an explicit 
role in contributing to the achievement of the Sustainable 
Development Goals. This will entail mining making a 
positive contribution across the economic, social and 
environmental dimensions included in the Goals.

Mining can play a positive role in economic development 
by increasing local value addition, by using local 
companies and employing local people, where possible, 
by driving technology adoption both in mining and beyond 
it, and by providing infrastructure that continues to be 
useful beyond the life of the mine. This Chapter has shown 
that achieving such outcomes is not straightforward and 
often requires commitment to capacity-building from 
local policymakers and international financial institutions. 
In respect of employment, it was also seen that artisanal 
and small-scale mining employs far more people than 
large-scale mining, and that the priority here is to improve 
working conditions for those involved, including through 
their sensitive inclusion in the formal economy. 

This Chapter has also explored two social issues that 
are important for sustainable development. The first is 
land rights, acknowledging that mining often involves a 
fundamental change of land use and the displacement of 
people. It is important here for local people to be properly 
consulted on and compensated for any detriment they 
may suffer from mining, and that land is restored and 
returned to them following the closure of a mine, such 
that it is again in a condition that can be used for other 

purposes. These considerations are especially important 
in respect of Indigenous people, who must have an 
opportunity to give prior informed consent to mining on 
their territories, as well as having the power to refuse it.

The second key issue relates to women, who tend to be 
underrepresented in mining, experience disproportionate 
negative impacts from it and face specific barriers to their 
involvement in it. The Chapter has indicated a number of 
ways in which mining can be more inclusive of women 
through both corporate and public policy, with examples of 
good practice in some countries and companies showing 
how greater gender equality can be achieved in this sector.

The last section of the Chapter briefly reviews 
environmental issues related to mining, but deals in 
greater depth with mining’s impacts on biodiversity. 
Given countries’ commitments at the Fifteenth Meeting 
of the Conference of the Parties to the Convention on 
Biodiversity (COP15) to designate 30 per cent of their 
territory as protected areas, it will be very important to 
clarify the relationship of mining to these designated. 
Given the loss of global biodiversity that has already 
occurred, and the expectation that the protected areas 
will be those areas that have the most of what is left, the 
recommendation made here is that mining should not be 
permitted in protected areas. This goes beyond the most 
recent welcome the commitment of the International 
Council on Mining and Metals to achieve “no net loss of 
biodiversity”, “respect all legally designated protected 
areas” and “restore and enhance landscapes”. How 
companies respond to these new commitments will be 
critical to determining whether mining and biodiversity 
conservation really can coexist.
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4.1 INTRODUCTION

62	 Assuming that each low-carbon energy technology will be discarded upon completion of its recommended lifespans (see section 2.3).
63	 The finance of recycling of transition minerals used in electric vehicle batteries is illustrative. The Government of the United States of America 
introduced US$125 million worth of grants in 2022 for the research and development of circular approaches for battery reuse and recycling 
(United States Department of Energy 2022). The European Investment Bank pledged €1 billion to the European Battery Alliance to support battery 
manufacturing and recycling projects within the European Union (European Investment Bank 2020). The European Union also proposed a Circular 
Economy Action Plan, aiming to reduce the environmental impact of waste generated by batteries. The plan is focused on improving product 
design, promoting reuse and recycling, and providing incentives for manufacturers to use recycled materials in their products.

Earlier chapters have shown that the transition to low-
carbon energy technologies is critical to mitigating 
the impact of climate change, but large quantities of 
minerals and metals are required to build the necessary 
infrastructure and technologies, presenting significant 
challenges for the global mineral supply chain. In the 
short run, the transition will create immense demand for 
transition minerals (Hund et al. 2020; Gate C and Green 
Purposes Company 2023).

Whereas circular economy approaches, such as reuse, 
repurposing, remanufacturing and repair, can prolong 
the service lives of low-carbon energy technologies and 
are essential to reduce the demand for primary minerals 
and metals, ongoing decarbonization pathways will 
create mountains of waste if the low-carbon energy 
systems are not sustainably disposed of at their ends 
of life. Photovoltaic solar module waste is expected 
to amount to 60 to 78 million metric tons by 2050, 
while waste from wind turbine will be 43 million metric 
tons (Robertson-Fall 2022). To put these numbers into 
context, the combined amount of waste from the solar 
and wind power industries could match the size of the 
electric and electronic waste (e-waste) predicted to be 
generated globally in 2050 (United Nations Environment 
Programme [UNEP] 2019). Over the next two decades, 
the cumulative amount of spent batteries from electric 
vehicles (EV) and storage is expected to surge, reaching 
1,300 GWh by 2040 (International Energy Agency 2021).62

Against this backdrop, metal recycling emerges as a vital 
component of the global mineral supply chain. While 
virgin metals will be needed in considerable quantities 
for the foreseeable future, recycling could help to meet 
the demand for transition minerals and put the end-
of-life products to a better use than landfill or energy 
recovery (figure 4.1). While China leads the supply of 
low-carbon energy technologies materials classified as 
critical by other large economies, such as the United 
States of America and the European Union (see table I.2), 
the United States of America and European Union have 
recently ramped up the financial measures to support 
domestic supply routes via secondary production.63 
The issue of financing the supply of transition minerals 
thus calls for a broader understanding that goes beyond 
mining. In this sense, taking recycling as the only supply-
side circularity approach is particularly relevant to the 
overarching theme of this report.

Building on existing literature and previous United 
Nations Environment Programme (UNEP) International 
Resource Panel (IRP) reports on recycling (UNEP 2011; 
UNEP 2013), this Chapter explores ongoing and future 
limitations of the secondary production of transition 
minerals and how finance can support the recycling 
industry to overcome these limitations. The first section 
introduces the concept of recycling as a circular 
economy pathway, while the second section delves into 
the major challenges associated with the recycling of 
transition minerals. The third section is focused on the 
financing of recycling and its impact on primary and 
secondary production, as well as the impact of support 
measures on transition mineral supply chains. The fourth 
section discusses how financial support can help to 
address the grand challenges mentioned in the second 
section. A final section concludes and introduces future 
research avenues.

BLKstudio © Shutterstock
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4.2 RECYCLING AS A CIRCULAR 
ECONOMY PATHWAY

Recycling is a key component of the circular economy, 
alongside other approaches such as reducing 
(consumption of goods) and reusing (including repairing 
and repurposing). For better resource conservation and 
circularity practices, circular economy approaches are 
typically prioritized from the top to the bottom of the 
waste management hierarchy (figure 4.1). 

The circular economy encompasses various approaches 
to reduce society's demand for new raw materials, which 
include reducing consumption (e.g. by sharing a product), 
repairing the products in use, reusing and repurposing 
materials (of an end-of-life product), redesigning end-of-

life products to be more sustainable or remanufacturing 
end-of-life products (or their components) to extend their 
lifespan. These strategies are aimed at keeping materials 
within the societal in-use stock and minimizing the need 
for additional raw material extraction (see figure 4.2 for 
how these circular economy strategies can be applied 
to electric vehicles). The additional commercial benefits 
of embracing circularity in business include optimization 
of value chains, enhanced supply security, improvement 
of economic performance and resilience against market 
shocks (Cimprich et al. 2023).

Figure 4.1: The waste management hierarchy, from more sustainable resource management practices at the top 
to less sustainable practices at the bottom
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Source: European Commission (2023c); United Nations Economic Commission for Europe [UNECE] (2023a).
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Figure 4.2: Circularity in practice: In the case of the life cycle of an electric vehicle, circular economy principles 
can be implemented through various strategies

By promoting carpooling or shared 
mobility services, the demand for 
new electric vehicles can be reduced. 
Multiple individuals can share the use of 
a single electric vehicle, maximizing its 
efficiency and minimizing the need for 
additional vehicles.

When a battery in an electric vehicle 
becomes broken or faulty, instead of 
replacing the entire vehicle or battery, 
repair options can be explored. Skilled 
technicians can diagnose and fix the 
specific issue, extending the lifespan 
of the electric vehicle and reducing the 
need for new components.

In instances where the battery of a 
large high-power electric vehicle loses 
energy storage capacity, the battery 
can be repurposed for installation in a 
smaller, older electric vehicle that needs 
less power. This practice ensures that 
the battery’s remaining capacity is fully 
utilized, optimizing resource efficiency 
and reducing waste.

REDUCE REPAIR REUSE

End-of-life or 15-year-old batteries that 
are no longer suitable for use by electric 
vehicles can be repurposed for other 
applications, such as being integrated 
into home solar panel systems. This 
repurposing enables the batteries to 
continue serving a useful purpose and 
avoids their premature disposal.

Electric vehicles can undergo redesign 
efforts to enhance their energy 
efficiency and optimize battery usage. 
Adjustments can be made to the 
vehicle’s components, software and 
systems to maximize the range and 
performance of the battery, ultimately 
reducing overall energy consumption.

In the context of electric vehicles, 
remanufacturing involves disassembling 
the car’s battery, electronics and 
other components. These parts are 
then thoroughly repaired, cleaned, 
and reassembled to create a like-
new product that can be resold. 
Remanufacturing minimizes waste 
and extends the life cycle of valuable 
components.

REPURPOSE REDESIGN REMANUFACTURE

At the end of an electric vehicle's life cycle, when all other circular economy approaches 
are no longer viable, recycling can be employed. Through effective recycling processes, the 
materials and components of the electric vehicle, such as the battery, can be recovered 
from end-of-life electric vehicle, disassambled and used in the production of new products. 
Recycling ensures the recovery of valuable resources and reduces the need for primary raw 
materials and helps to close the material loop.

RECYCLE

Source: Author

Circularity strategies should not conflict with each other. 
For instance, solar photovoltaic panels and wind turbines 
are often manufactured to operate for a long time. The 
non-modular design of mainstream photovoltaic panels 
and turbine nacelles makes repairing them costly and 
burdensome, making it actually difficult to keep using 
them through their ex-factory lifespan (Gate C and 
Green Purposes Company 2023). One circular economy 
approach (long life) may come at the expense of 
another (ease of repair) if they are not implemented in a 
harmonized and consistent way.

It is important to carefully define priorities and consider 
each case on its own merits when choosing circularity 
approaches. In some cases, a particular approach in a 
particular context may not yield the best results for the 
environment, resource management and human health. 
For example, where recycling has negative environmental 
and social impacts exceeding those of landfill, it may not 
be the best option and another approach should be chosen 
(van Beukering et al. 2014). After optimum cost-benefit 
levels, pushing for higher recycling rates could end up using 
excessive inputs (resources, energy, labour) and creating 
unintended negative impacts (hazardous waste, health 
consequences), thereby doing more harm than good.
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Recycling should be considered a last resort option to 
reintroduce used materials back into the supply chain. 
Simas et al. (2022) estimate that under net-zero pathways, 
the cumulative material demand of manufacturers of 
low-carbon energy technologies could reach up to 690 
million metric tons by 2050. They found that technologies 
that use transition minerals less intensively could curb 
this demand by 30 per cent, while circular economy 
strategies could make an additional 18 per cent reduction. 
Substituting primary extraction with recycled materials 
can decrease the need for mining by 10 per cent, meeting 
20 per cent of the total remaining material demand in 
a scenario that incorporates advanced technology and 
circular economy strategies (figure 4.3). A recent report 
released by Energy Transitions Commission (2023) also 
estimates that technological advancements, material 
efficiency and recycling could reduce and meet the 
cumulative material demand by 2050 between 20 per cent 
and 60 per cent. 

While recycling does not seem to be more effective to 
meet the net-zero targets compared to demand-side 
circularity approaches, it has been the most commonly 
covered strategy in the literature on the circular economy 
over the past 20 years (Schöggl et al. 2020). One possible 
reason for this focus on recycling is that consumption-
oriented markets prioritize ensuring a sufficient supply 
of raw materials rather than addressing demand-side 
issues (Allwood 2014), leading to a prioritization of waste 
management over waste prevention. From a mainstream 
economics perspective, the former adds more value to 
the market growth than the latter owing to the discard 
of a defective product whose components would 
be recycled (thus generating jobs and new business 
opportunities) and its replacement by a new one (thus 
requiring new products to be manufactured and sold), 
at the expense of non-market impacts from waste 
generation, and energy and resource consumption. 
Recycling is thus often prioritized despite not being the 
most ecological way to manage resources. 

Figure 4.3 shows that technology and material 
substitution and upscaling of new technologies can 
reduce mineral demand by 30 per cent; in addition, the 
implementation of circular economy strategies, reducing 
demand and extending the lifespan of low-carbon 
technologies can reduce mineral demand by 18 per cent; 
and improving collection and recycling rates by 2050 to 
increase mineral recovery from end-of-life low-carbon 
technologies could reduce demand for primary extraction 
by a further 10 per cent.

That said, the primary focus of this Chapter is on 
recycling in order to assess its potential contribution to 
mineral supply, which is the underlying theme of this 
report, and to consider the role of finance in addressing 
challenges and harnessing opportunities for recycling.

Figure 4.3: How the demand for minerals in low-carbon 
technologies is expected to change from 2022 to 2050

Source: Simas et al. (2022, p. 5).

liyuhan © Shutterstock
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4.3 GRAND CHALLENGES OF RECYCLING 
TRANSITION MINERALS

64	 This stark difference in value per unit between metal scraps and ores stems particularly from the difference in metal concentration of the two 
types of sources (e.g. often higher for aluminium scrap than bauxite ore) and the cost of extracting the metal from them (e.g. often lower for 
aluminium scrap).

The whole process of recycling a material requires 
energy and resources, even under the best available 
technology (Allwood 2014). A complete closed loop 
or cradle-to-cradle recycling of metals cannot be 
achieved. Losses might be minimized but cannot be 
entirely avoided owing to systemic and technological 
shortcomings, as well as other factors, e.g. politics, 
economics, theft and human factors. Furthermore, the 
laws of thermodynamics dictate that energy inputs are 
required at each stage of the recycling cycle, although 
this could be less than primary resource extraction. Even 
maintaining a stable stock of metals would thus require 
energy, resource extraction and use of primary metals to 
compensate losses, in addition to recycling (UNEP 2013). 

Despite such limitations, recycling or secondary 
production of metals already plays a crucial role in 
the global economy, particularly for precious metals, 
aluminium, copper and steel. While it represents only 6 
per cent of the total weight of metal trade, the value of 
scrap metal exports amounted to US$76 billion in 2015, 
about half the size of primary exports (McCarthy and 
Börkey 2018).64 

A variety of economic, technological and societal 
challenges determines the success of the recycling 
industry (UNEP 2011). Ten major challenges for 
secondary producers are summarized below. Some of 
these challenges are common to all secondary metal 
producers, while others are more prevalent among 
recyclers of transition minerals. Examples and short case 
studies are selected from transition minerals in line with 
the theme of this report.

4.3.1 Technology and price uncertainties 
affecting investments

Investors considering entry into the recycling domain 
seek confidence that their investments will yield a 
sound return over the years of commitment required. 
However, this commitment is challenged by a number 
of uncertainties. To begin with, the dynamic nature of 
technological change can alter the demand landscape 
for specific minerals and metals. Indeed, technological 
advancements enabled substantial reductions of 
materials used in the low-carbon energy technologies; 
for example, the thickness of solar photovoltaic panel 
wafers, which include silver and silicon, was reduced 
by more than two-thirds since early applications in the 
1970s (Louwen and van Sark 2020). On the other hand, 
technological shifts might mean the complete discarding 
of certain transition minerals from low-carbon energy 
technologies, as observed in attempts to reduce the use 
of cobalt in new electric vehicle batteries (Ryu 2020). 
This uncertainty poses a risk, as changing demand 
influenced by technological advancements may lead 
to lower prices, impacting the overall profitability of 
recycling initiatives (Christmann and Lefebvre 2022). 

Secondly, the economic viability of metal recycling is 
ultimately dependent on the metal’s price. The incentive 
for recycling would increase when metal prices are high, 
and in multi-metal products such as batteries the focus 
of recycling is on those metals with a high economic 
value. Lithium, for example, has a relatively low economic 
value compared to cobalt and gold, so that recyclers 
prioritize these metals, despite lithium making up a larger 
proportion of the battery weight. A related challenge 
concerns the high price volatility in metal markets, 
as seen in Chapter 2. Single-metal oriented recovery 
facilities can be vulnerable to high price variability. 
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4.3.2 Product design

Many final products present challenges in their design 
that hinder easy disassembly and (chemical) separation 
during the later stages of recycling (UNEP 2011). This 
is particularly evident in the case of electric vehicles, 
where design choices have a significant impact on the 
reparability of batteries during their operational life and 
the recoverability of materials at the end of their life 
cycle. An example is the design of the batteries in electric 
vehicles, where evidence indicates that the multiple 
small cell design, as employed in the Tesla Model S, 
offers advantages in terms of lower disassembly costs 
and labour requirements compared to other prominent 
designs, such as those found in the Nissan Leaf and 
Porsche Taycan (Lander et al. 2021). The implications 
of product design on recycling processes highlight 
the importance of considering the entire life cycle of 
products, incorporating recycling-friendly designs to 
enhance the efficiency of material recovery.

4.3.3 Long and further extended lifetime 
of low-carbon energy technologies 

The materials used in current products will not be 
available for recycling until they reach their end-of-life 
(figure 4.4). Moreover, in-use dissipation may delay the 
reintroduction of metals into the supply chains within 
modern and more useful products (Ciacci et al. 2016). 
Given the long lifetime of low-carbon energy technology 
products, recycling is therefore not estimated to be 
able to substitute at scale for primary material until 
at least 2040 or later (figure 4.5). Whereas this gives 
stakeholders time to prepare for wide-scale recycling, it 
means that recycling cannot help much with near-term 
material supply. 

Figure 4.4: The delay of metal flows between current 
use and future recycling

Source: UNEP (2011, p. 23).

Juice Verve © Shutterstock
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Figure 4.5: Guaranteed lifetimes and extended lifetime assumptions for different low-carbon energy technologies 
in years
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Note: Each technology is noted with an arrow () and its components are indicated underneath.

Data source: Simas et al. (2022).

The extension of the lifespan of a product beyond its 
manufacturer’s guarantee may cause delays for the 
availability of scrap stock for recycling. Moreover, some 
manufacturers and maintenance companies of low-
carbon energy technologies provide lifetime extension 
services. For instance, Siemens Gamesa does this for 
wind turbines and add an additional 10 years of lifetime 
for their products (Pakenham et al. 2021). 

Another factor is the repurposing of low-carbon energy 
technologies upon completion of their initial lifespan. 
Electric vehicle batteries are assumed to reach the 
end-of-life stage once they lose 20 per cent of their 
ex-factory capacity. After this stage, users may choose 
to continue to use their electric vehicle, sell it, change 
its battery or repurpose the battery depending on the 
safety and economic returns of each option. Indeed, the 
batteries can be used for stationary energy storage at 
homes and industrial sites (Simas et al. 2022). Some 
original equipment manufacturers, such as Renault, 
‘lease’ their cars’ batteries as a service and do not sell 
it as a product, thus retaining the decision over the 

end-of-life route for spent batteries. Solar photovoltaic 
panels can retain more than 80 per cent of their ex-
factory power generation efficiency even after 25 
years. The second-hand market for used photovoltaic 
panels is already growing and it is very unlikely that 
panels with a roughly 80 per cent efficiency rate would 
go into landfill (Gate C and Green Purposes Company 
2023). Reducing electricity consumption and personal 
transportation could also help to reduce the material 
needed while extending the lifetime of low-carbon 
energy technologies. Indeed, consumers might use the 
electric vehicles or home energy storage system years 
after reaching their design lifetime. The availability of 
metal stock for recycling can therefore be impacted 
by other circular economy approaches, such as the 
extension of the lifetime, the reduction of consumption 
and the repurposing of end-of-life equipment. There 
are significant research gaps calling for studies of life-
cycle assessment and material flow analysis to guide 
political and industrial decision-makers as to the most 
sustainable resource use practices involving low-carbon 
energy technologies.
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4.3.4 Increasing product complexity and 
obsolete infrastructure

The pace of introducing new products with new 
materials can quickly render recycling facilities, 
technologies and infrastructures obsolete. Difficulties 
with the collection, separation or disassembly, sorting 
and recycling of new generations of devices can cause 
many products to end up in litter bins (UNEP 2011; UNEP 
2013).

The recycling of some low-carbon energy technology 
materials can be constrained by quality requirement 
for high-purity metals. Base metals used for structural 
parts of the low-carbon energy technology, such as 
aluminium used in the frames of solar photovoltaic 
panels and copper in almost every low-carbon energy 
technology, keep their original quality on recycling and 

therefore can be recycled without needing cutting-
edge recycling techniques (Carrara et al. 2020; Hund 
et al. 2020). However, not all recycling processes can 
achieve high purity levels where required, for example, 
in respect of silicon, which is used in around 85 per cent 
of photovoltaic panels deployed annually (Fraunhofer 
Institute for Solar Energy Systems 2020). In silicon 
supply chains, the recycling almost always ends up with 
downcycling. The solar panel industry often uses the 
silicon downcycled from the electronics industry, which 
requires the purest silicon available on the market. Solar-
grade silicon downgrades to construction-grade silicon 
on recycling, which is far from achieving circularity for 
solar panels (Bradford 2008). Similarly, the cobalt used 
in lithium-ion batteries requires high purity levels (Hund 
et al. 2020), which may not easily be achieved via basic 
recycling techniques.

Figure 4.6: Differences between a natural ore and human-made ‘ore’

NATURAL ORE HUMAN-MADE ‘ORE’

A lead-zinc ore with grey galena (lead sulphide) and dark shiny 
sphalerite (zinc sulphide) crystals. Natural ores frequently 
comprise less than five minerals (exceptionally up to ten) in 
frequently geometrically simple assemblages. In this sample, 
there are two main metals and probable several by-products 
(cadmium, indium in the sphalerite; silver in the galena).

An electronic motherboard can include 60 different elements, 
mostly included in very complex, miniaturized  assemblies, 
involving solder, paint, varnishes, ceramics, glass fibre and  
polymers. This anthropic ‘ore’ is much more complex and 
costlier to process than natural ores, except for some easy-to 
recover metals, such as gold. Nanotechnologies will add to the 
complexity.

Source: Authors (left photo) and Mewtu, Wikimedia, licensed under the Creative Commons Attribution 2.0 Generic licence (right photo).
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Human-made ‘ores’ have a typically more complex 
material composition than natural ores (figure 4.6). 
The former is comprised of a wide range of materials, 
including metals, plastics, glass and other non-metallic 
materials, which are often combined in complex ways to 
create products such as electronic devices. The process 
of separation can be complicated and challenging owing 
to the different physical and chemical properties of the 
various materials in the device. For example, the plastics 
and glass components of a solar photovoltaic panel 
can make the device more difficult to process because 
they can interfere with separation techniques that are 
optimized for metals. Furthermore, different types of 
electronic devices can have different compositions 
and structures, which can further complicate the 
process of liberating the valuable materials from these 
products at their end-of-life (UNEP 2013; Richard et 
al. 2005). However, it must also be noted that, despite 
growing product complexity, the recycling of end-of-life 
products and ‘urban mining’65  still offer higher metal 
concentrations than underground ores. As an example, 
end-of-life lithium-ion batteries contain much higher 
levels of transition minerals than ores. It is estimated 
that one metric ton of lithium-ion batteries contains 7-20 
per cent of cobalt, compared to 0.3 per cent of cobalt in 
a natural ore. The lithium content in ore is 0.4 per cent, 
while it is over 3 per cent in spent batteries (Gate C and 
Green Purposes Company 2023). There are therefore 
opportunities to tap resources in end-of-life low-carbon 
energy technology, if economically feasible processes 
are available to recycle them.

Moreover, waste that includes reactive transition 
minerals, such as end-of-life lithium-ion batteries, 
involves toxicity and other risks (Winslow et al. 2018). 
Lithium-ion batteries can easily catch fire during the 
recycling process and some pilot lithium recycling plants 
have been burned down. These cases raise concerns 
about the health and safety aspects of recycling, which 
need to be resolved by reliable secondary production 
(Gate C and Green Purposes Company 2023).

Another problem is that the recycling of complex 
products often takes place in primary production 
facilities. This reliance on primary production can 
have long-term consequences for the sustainability of 

65	 While recycling is a key component of urban mining, the concept of urban mining encompasses a broader scope, including the extraction of 
materials from various urban (waste) sources beyond traditional recycling streams. It is aimed at maximizing resource recovery and promoting 
circularity by recovering valuable materials from urban waste and reintroducing them into the production cycle. For more information on the 
applications of urban mining, its potential and limitations, see Arora et al. (2021); Kakkos et al. (2020); Markopoulou and Taut (2023); and Tercero 
Espinoza et al. (2020).

recycling in a country. For instance, if the expertise on 
the extraction and refining of a metal is lost, the recycling 
of the metal is also likely to be brought into question 
(UNEP 2013). 

4.3.5 Logistics of transition mineral 
recycling

The logistics involved in transporting end-of-life 
transition mineral scrap present formidable challenges. 
This is particularly evident in the context of low-carbon 
energy technologies, where the rapid adoption of these 
technologies results in the generation of substantial 
amounts of spent products and components. The sheer 
volume, weight and varying compositions of these 
end-of-life low-carbon energy technologies complicate 
transportation logistics, requiring specialized handling 
and careful consideration of environmental and 
safety regulations. Moreover, the lack of standardized 
processes and infrastructure designed for the recycling 
of such transition minerals adds layers of complexity to 
their transportation, underscoring the need for a strategic 
and comprehensive approach.

A closer examination of the specific case of end-of-
life lithium-ion batteries from electric vehicles reveals 
intricate logistical challenges. The surge in electric 
vehicle sales will translate into approximately 250,000 
metric tons of spent lithium-ion batteries by the early 
2030s, creating a demand for efficient collection and 
transport systems. The distance between end-users 
and pre-processing and processing facilities could 
substantially shape the economic and environmental 
costs of recycling. The irregular shapes and weights 
of electric vehicle batteries necessitate specialized 
packaging and transportation, adding to the overall 
logistical complexity. Furthermore, the current lack 
of standardized procedures for disassembling and 
transporting end-of-life lithium-ion batteries poses a 
challenge in ensuring safe and environmentally sound 
recycling practices (Nguyen-Tien et al. 2022). Addressing 
these logistical intricacies becomes imperative to 
streamline the recycling process and harness the value 
of transition minerals efficiently. 
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4.3.6 Variations in (pre-)processing 
streams

The secondary supply of each low-carbon energy 
technology raw material is highly influenced by the 
pre-processing stage for that material. The variation in 
end-of-life pre-processing routes has a considerable 
impact on the quality and economic viability of material 
recovery. If there are too many input streams, the desired 
quality may not be achieved for scrap. The variability in 
end-of-life pre-processing routes has a significant impact 
on downstream processes in the secondary supply of 
low-carbon energy technology raw materials.

The difference of recovery rates between copper, a 
ubiquitous transition mineral, and transition minerals 
with more specialist uses have different challenges 
associated with their recycling processes. Recent 
studies projected that recycling can help us to meet 36 
per cent of the total global demand for copper (Born 
and Ciftci 2024), 55 per cent for lithium, 58 per cent for 
battery-grade nickel and more than the total demand 
for cobalt (Maisel et al. 2023) by 2040 under various 
demand and use scenarios driven by climate policies.66  
Base metals such as copper are employed in a large 
number of products and in much higher quantities, 
leading to numerous processing routes at their end-
of-life (Henckens and Worrell 2020). While this would 
mean that there is already an abundant scrap stock 
of copper owing to its various applications in vast 
quantities over a century, this diversified distribution 
of copper-containing scrap poses challenges and 
uncertainties about their collection and recycling (Born 
and Ciftci 2024). For example, it may not be possible 
or economically feasible to recover some of the old 
copper scrap owing to its location and now-reduced 
concentration, such as end-of-life copper pipes under 
the ground. On the other hand, most of the secondary 
lithium input for electric vehicle batteries is estimated 
to come from a single product type, end-of-life lithium-
ion batteries, a future stock that began to accumulate 
in the last decade (Meng et al. 2021). Recyclers will 
thus need to wait until the mass decommissioning of 

66 	The estimate of Born and Ciftci (2024) is based on the stated policies (STEPS) scenario of the International Energy Agency (2023), which 
mirrors existing policy frameworks, providing an evaluation of energy-related policies on a sectoral and national level, including those in progress. 
This scenario assumes a relatively conservative progress of decarbonization pathways, which is why the demand for the critical low-carbon energy 
technology materials is low and the mean share of recycling in the total supply is highest among other (announced pledges, around 34 per cent, 
and net-zero emissions, around 32 per cent) scenarios, noted above as around 36 per cent. The SSP2 benchmark of Maisel et al. (2023) presents 
a similar ‘bumpy road’ projection for the implementation of climate objectives and presents some of the highest recycling figures when combined 
with their ‘abundant materials scenario’, which is used above. Recycling rates in both papers correspond to the metals recovered within total end-
of-life (old) scrap. See the papers for further estimations under different scenarios.
67	 If high material recovery is achieved as suggested by early laboratory experiments (Dominish et al. 2019; European Commission 2023b).

electric vehicle batteries for scrap stock of lithium-ion 
batteries to become available. However, as opposed 
to the case of copper, there will be far fewer end-of-life 
battery streams, meaning that collection and recycling 
efficiency rates67 could reach about 95 per cent for 
lithium, nickel and cobalt-containing components of 
lithium-ion batteries, meaning end-of-life recycling 
rates of nearly 90 per cent. These transition minerals 
are estimated to see an unprecedented demand in 
the next few decades, mainly concentrated in a few 
product types. While the capacity of recycling to meet 
the material demand is estimated to be low in the next 
decade for ‘niche’ transition minerals, a closed material 
loop could thus be a more approachable target for them 
over the long term than base transition minerals.

4.3.7 Target-setting and key 
performance indicators for recycling

In the metal manufacturing industry, a problematic 
practice is the material-centric approach. The latter 
is focused on the recycling rate of a single substance 
used in different products, such as principal metals, 
and views other potentially recoverable (companion) 
metals as impurities or waste. This can result in neglect 
of the recovery of transition minerals that are found in 
low quantities. For instance, if the recovery of steel is 
prioritized in the recycling of automotive components, 
transition minerals that have been used in alloys, such 
as niobium, may be lost in the process (van Schaik 
and Reuter 2014). Moreover, it can be useful to recover 
and recycle certain components of low-carbon energy 
technologies as a whole within their recycling loops, for 
example, the permanent neodymium-iron-boron magnet 
alloys used in direct-drive wind turbines and electric 
vehicles (Diehl et al. 2018). 

The achievement of recycling policy objectives is often 
measured by the end-of-life recycling rate of materials, 
which is also used to measure the efficiency of 
recycling systems. The imposition of minimum recovery 
requirements can be utilized as a useful approach to 
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reach higher end-of-life recycling rates.68 However, 
material recovery is driven by the technologies and 
economic dynamics of a given time. This means that 
identical end-of-life products can generate different 
amounts and quality of metals at the end of recycling 
processes at different times. It is difficult or impossible 
to predict economic dynamics (e.g. price movements) 
or technological developments beyond the short term. 
Recycling rate targets set by policymakers should 
therefore be regarded as points in a distribution of 
uncertain shape (UNEP 2013), the actual outcome of 
which will depend on economic developments and 
technological progress.

Furthermore, strict minimum recovery thresholds could 
lead metal producers to report inflated recovery rates 
via ineffective approaches. To begin with, recycling may 
be prioritized over other circular economy approaches 
for the sake of hitting the recycling targets. For example, 
perfectly repairable or remanufacturable wind turbines 
and solar photovoltaic panels could be retired and 
disassembled for recycling to meet minimum end-
of-life recycling targets or minimum recycled content 
requirements for new products. Second, efficiency 
indicators for recycling often do not distinguish between 
new and old scraps,69  which can be misleading when 
evaluating the overall effectiveness of recycling efforts. 
New scrap is relatively easier to collect, transport, 
separate and process compared to old scrap. While 
achieving high recycling rates for new scrap is relatively 
more straightforward, it is important not to overlook 
the improvement of processing old scrap, which poses 
greater challenges owing to potential contamination, 
variability in composition and the need for advanced 
separation and sorting techniques. Finally, the reporting 
of inflated recycling efficiency can also occur when 
crucial metallurgical steps of material recovery are 
omitted while calculating recycling rates. Current 
European Union waste legislation, such as the directives 
on end-of-life vehicles (Directive 2000/53/EC of the 

68 	See e.g. the recently proposed Critical Raw Materials Act (European Commission 2023a), which introduces benchmarks for recycling input 
rates for strategic raw materials. Regulation (EU) 2023/1542 of the European Parliament and of the Council of 12 July 2023 concerning batteries 
and waste batteries, amending Directive 2008/98/EC and Regulation (EU) 2019/1020 and repealing Directive 2006/66/EC, in effect since June 
2023, specifies end-of-life recovery rates and end-of-life recycling input rates for designated battery raw materials. Similarly, the Republic of Korea 
also sets minimum recycling rates for its core minerals (Suk-yee 2023).
69	 New scrap refers to discarded or waste materials that are generated during the production or processing of a mineral or metal. This waste 
material may include excess or unused raw materials, by-products or materials that do not meet quality standards. New scrap is distinct from old 
scrap, which refers to discarded or recycled materials that have completed their useful life cycle and are collected for recycling purposes. New 
scrap in mining typically consists of materials that have not yet been utilized or incorporated into any final product, and it may be subjected to 
recycling or waste management practices to minimize environmental impact and maximize resource efficiency.

European Parliament and of the Council of 18 September 
2000 on end-of life vehicles) and electric and electronic 
waste (Directive 2012/19/EU of the European Parliament 
and of the Council of 4 July 2012 on waste electrical 
and electronic equipment (WEEE), do not specifically 
consider the final smelting and refining processes. The 
rates calculated therefore tend to be higher compared 
to the actual material recovery rates. To conclude, it is 
essential to reassess existing practices of using the 
recovery rates of product masses or particular materials 
while ignoring key recovery stages. 

4.3.8 Public awareness of recycling

The collection of household waste is highly linked to 
consumer behaviour. Many individuals tend to store 
unused products at home as backups that never or 
rarely come to be used, or send them to mixed-waste 
streams. Depending on the formal or informal character 
of the routes and the cultural characteristics of a country, 
policies and public-awareness campaigns can be helpful 
to reducing losses in the collection of consumer waste.

Policymakers may disregard the recycling of certain 
metals with a low unit value, when recycling at scale might 
be economically viable and help to meet the demand for 
transition minerals. The metal composition in municipal 
solid waste varies between 3 per cent and 6 per cent 
in low to middle-income countries, with the latter also 
generating more municipal solid waste (Goorhuis 2014). 
Currently, public-awareness projects for recycling hardly 
extend beyond local campaigns concerning municipal 
solid waste. At the national level, few information 
campaigns on recycling are aimed at raising awareness 
among lower-income and younger groups (Prestin and 
Pearce 2010). The economic, societal and environmental 
benefits of recycling must be better communicated 
and understood to create a more favourable policy 
environment (Worrell 2014). 
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4.3.9 Social and environmental costs 
of recycling

In economics, the term ‘social cost’ refers to an estimate 
of the economic cost incurred by society owing to an 
economic activity or policy.70  The social cost in this 
sense includes the costs of environmental and other 
externalities. 

Social cost is not necessarily realized but is rather 
anticipated to manifest upon implementation of an 
economic decision. While calculating the cost, the social 
benefit of such a decision is deducted, which could 
mean a negative social cost in instances where the 
positive impacts or advantages of the decision outweigh 
the associated negative consequences, contributing 
to a net gain for society. Whereas the assessment 
methodologies could differ, the concept of social benefit 
typically compares the positive impacts to the costs of 
alternative (less detrimental) activities.

The social cost of recycling refers to the estimated costs 
of negative impacts caused by recycling. The social 
cost can be considered with the economic, societal 
and environmental benefits generated by recycling to 
determine its net societal benefit. This net benefit can, 
in turn, be compared to the societal benefit of mining 
(also accounting for negative social and environmental 
impacts) to determine the relative societal cost or benefit 
of recycling. 

Industrial and political actors tend to look at only the 
economic cost of recycling against the price of a 
mineral or metal when deciding whether recycling of 
a metal is an economically viable production option, 
e.g. as demonstrated by the comprehensive study of 
Lander et al. (2021). However, a purely revenue-oriented 
approach could bring in revenue in the short term, but 
may incur high costs in the long run from the impacts of 
unsustainable mining practices or their remediation. So 
far, the exclusion of relative social costs in the making of 
investment decisions has disproportionately benefited 
primary rather than secondary producers (McCarthy and 
Börkey 2018).

70 	Social cost is often calculated in United States dollars and encompasses both private costs and externalities. A comprehensive social cost 
assessment would also include the estimated benefits (social benefit) of any action or decision taken to mitigate any activity or decision with a 
social cost. Private costs are the costs directly borne by the individuals or firms engaging in the economic activity, while externalities are the costs 
imposed on third parties who are not directly involved in the activity. For instance, when calculating the social cost of carbon emissions caused 
by a coal power plant, the costs of emissions borne by the plant owing to the requirement of increased safety measures for its workers would 
constitute private costs. The costs that will need to be undertaken by society to address any (physical, health or environmental) impacts of the 
emissions and other negative externalities caused by the power plant are part of the external costs.
71	 See the Appendix (Appendix 4) 4 for a diagram of the impact pathway approach (figure 4.A) by van Beukering et al. (2014).

The impact pathway approach is a method used 
widely to measure the social cost of recycling.71 The 
approach links the impacts of economic processes 
to their environmental burdens, and then values these 
impacts economically. It begins by determining the 
overall emission levels and external effects in physical 
terms. It then assesses the impacts of these effects on 
economic activities and human well-being, followed by 
translating these impacts into monetary values. One 
advantage of this approach is that it allows the costs 
of environmental improvements in the waste sector 
to be compared with their benefits. However, there are 
challenges in valuing external effects, as they occur 
outside the market and require special estimation 
techniques. Additionally, when external effects occur 
at multiple locations, values estimated at one location 
must be transferred to others, leading to a high degree of 
uncertainty in economic valuation (van Beukering et al. 
2014). Despite its challenges, measuring the social cost 
can provide decision makers with a more comprehensive 
assessment of the costs and benefits of recycling.

Recycling metals used in low-carbon energy technologies 
brings numerous social advantages, spanning 
environmental conservation, economic efficiency, 
biodiversity, energy savings, resource conservation, job 
creation, technological advancements and enhanced 
resource security. The environmental benefits include 
reduced emissions, with recycling processes emitting 
less carbon dioxide than primary production and 
decreased land use, minimizing the environmental 
impact of mining (Grimes et al. 2008; Grimes et al. 
2016). Economically, recycling is often more cost-
effective than mining, eliminating expensive extraction 
processes (McCarthy and Börkey 2018). Furthermore, 
recycling contributes to energy efficiency, requiring 
less energy than producing new metals, and aids 
resource conservation, contributing to material security. 
Support for recycling can help to foster employment 
in the recycling industry and related sectors, such as 
transportation. Recycling also drives technological 
innovation, leading to more efficient recycling processes. 
Importantly, recycling diversifies supply and increases 
resource security for transition minerals deemed critical 
by various nations. It helps to mitigate dependence on 
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imports, reducing supply risks. Additionally, recycling 
reduces waste sent to landfill, promoting resource 
conservation and pollution reduction. Finally, embracing 
a circular transition, including by acquiring raw materials 
through recycling, aligns with the ethos of the energy 
transition by minimizing environmental pollution from 
mining activities.

The net social benefits of recycling hinge on several 
determinants, notably labour practices, environmental 
impact, regulatory standards, scale of operations and 
geographic location. Labour practices play a critical 
role; inadequate protection and compensation, along 
with hazardous working conditions, elevate the social 
cost. The environmental impact, if not regulated, can 
result in pollution and health risks, contributing to higher 
social costs. Regulatory standards and oversight levels 
strongly influence the social cost; lax regulations can 
lead to negative social impacts. The scale of recycling 
operations, while affecting economic costs per unit, 
magnifies social costs, especially on local communities 
and the environment. Additionally, the geographic 
location of recycling operations matters; areas with 
stringent environmental and labour standards generally 
incur lower social costs compared to regions with less 
stringent regulations (Lander et al. 2021).

4.3.10 Informal recycling systems

Many of the transition minerals required to produce 
low-carbon energy technologies can be acquired 
through e-waste streams other than low-carbon energy 
technologies from households, end-of-life vehicles and 
renewable energy generation plants. Experience with 
consumer e-waste shows that advanced economies tend 
to use more formal recycling routes, whereas emerging 
and developing economies opt for more informal 
recycling systems. Formal systems tend to be more 
capital-intensive and industrialized, whereas informal 
routes are more reliant on low-cost labour in most 
stages. Both systems have their own advantages and 
disadvantages on the efficiency of recycling stages, as 
well as sustainability implications.

The literature on informal recycling systems in 
developing countries presents insights on their benefits 
and risks. On one hand, the informal sector provides 
an essential service by collecting waste and generating 

72	 An example of such compounds is toxic fumes that arise when burning casings or motherboards to recover some valuable metallic 
compounds.

income. By collecting and removing the potentially 
hazardous waste from urban areas, they contribute to 
public health, reduce costs associated with municipal 
waste management and recover valuable materials that 
would otherwise be lost (Dias 2012). Panasiuk et al. 
(2022) investigated steel samples from countries with 
varying levels of gross domestic product (GDP) and 
observed that nations employing more manual sorting 
of scrap produced cleaner steel compared to higher 
GDP countries relying on mechanical scrap sorting. On 
the other hand, informal waste management poses 
significant health risks to the workers involved. Workers 
are exposed to injuries, diseases and acute and chronic 
effects owing to their daily contact with waste and 
toxic chemical compounds,72  as has been observed 
with electrical and electronic equipment waste streams 
in China and India (Sangeeta et al. 2023; Sepúlveda 
et al. 2010). In addition, informal waste management 
workers are often ascribed the lowest social status 
owing to the common association of waste being dirty. 
Furthermore, without binding rules and regulations, only 
end-of-life materials with a relatively high economic value 
are recovered using low-cost technology, labour and 
practices. Other materials with no monetary incentive are 
either not collected, get put in landfill or are incinerated, 
which can have adverse effects on the environment and 
on human health (Schluep 2014).

While consumers in developed countries indirectly 
pay for the recycling of their metal waste through their 
taxes, the collectors usually pay consumers to obtain 
their scrap in developing countries. It could therefore 
be assumed that the economic benefits of recycling 
for consumers is more evident in developing nations. 
Because many people are willing to be paid for their 
waste, collection rates can reach up to 95 per cent of 
the total waste. Furthermore, the informal recycling 
chain is labour-intensive and composed of a network 
of businesses and individuals, creating many jobs. As 
in the collection stage, the pre-processing treatment 
of metal scrap would involve more manual labour in 
developing countries than mechanical processes, which 
are more common in developed countries. The manual 
sorting leads to higher metal recovery efficiency, low 
capital cost and more employment. The final scrap 
processing through the formal route can yield higher 
recovery efficiency and lower losses than the informal 
route (UNEP 2013), given that the formal systems often 
use more sophisticated technology. However, an inherent 
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problem in developed countries is the lack of incentives 
at the collection stage, which is particularly observed 
when other waste management options, such as landfill 
and incineration, incur lower costs or higher profits than 
recycling (McCarthy and Börkey 2018).

The presence of an open market for recovered metals is 
key to the achievement of high-purity content in informal 
recycling streams (Panasiuk et al. 2022). In the absence 
of market regulation and legislation, however, there is 
a risk that the recycling industry may be susceptible 
to unethical and unsafe practices (Zhou et al. 2019). 
In particular, workshops with poor qualifications may 
offer higher prices to collect waste low-carbon energy 
technology materials as they have lower investment 

costs in safe and environmentally-friendly recovery 
technologies. This can lead to these workshops 
dominating the market of regular recycling businesses, 
resulting in a situation where ‘bad money drives out good 
money’ (Wang and Chen 2013). Such market structure 
may result in reduced end-of-life material input into 
formal recycling streams, which already constitutes a 
great concern for end-of-life electric vehicles (Yu et al. 
2023). Indeed, between the lack of regulation, the small 
scale of formal streams and immature technology for 
intra-electric vehicle industry cycles, some unscrupulous 
businesses may push electric vehicle batteries into 
industries such as the electric bicycle industry. 

4.4 FINANCE FOR RECYCLING

It is possible to identify at least seven means through 
which private and public actors could provide support for 
secondary metal producers. Green bonds are financial 
instruments issued by governments, municipalities or 
private entities to raise funds for projects and initiatives 
that have a positive impact on the environment. Green 
bonds are different from regular bonds because they 
have non-financial clauses on the use of proceeds. Public 
(debt) finance is provided by government and multilateral 
lenders as part of public investment finance for material 
sorting, re-melting and reprocessing companies. Public 
funds could be provided either directly for recyclers 
or through facilitation of private investment finance. 
Impact investing, mainly undertaken by private actors, 
involves investing in companies, organizations or funds 
with the primary goal of generating a quantifiable 
and advantageous social or environmental impact 
while also receiving a financial return. The source 
of capital can be private banks, pension and wealth 
funds, financial advisors or family foundations, as well 
as public investors (government and development 
finance institutions). Public finance can be strategically 
combined with private capital to fund recycling and 
other circular economy projects, in the form of blended 
finance. The fifth form to be identified is public-private 
partnerships, which are used by governments to 
provide public infrastructure or services through long-
term contractual arrangements that involve the private 
partner financing the projects in exchange for long 
term repayment by governments or users. Government 
may also introduce tax provisions, such as differential 

support through corporate income or other taxes in the 
forms of tax breaks and value added tax (VAT) reliefs, 
to incentivise the recycling industry. Finally, induced 
transfers pertain to policies that are aimed at increasing 
the availability of scrap from municipal solid waste 
streams, such as the implementation of landfill taxes, 
extended producer responsibility regulations, and the 
public provision of waste collection and management 
services.

What follows in this Chapter is a description of these 
instruments as they relate to recycling and waste 
management, Further details of such financing in relation 
to mining are given in Chapter 6.

Green bonds are specifically earmarked for 
environmentally friendly and sustainable projects (i.e. 
sustainability-linked bonds), including those related 
to transition mineral recycling. The issuance of green 
bonds has significantly risen in volume since the 
introduction of the first green bond by the European 
Investment Bank in 2007, cumulatively reaching 
€2.2 trillion in 2021, although there was a decrease 
in issuance in 2022 (figure 4.7). Green bonds can be 
issued by banks, as well as metal recyclers wishing to 
finance their new investments. Novelis Inc., one of the 
largest aluminium processors, announced the issuance 
of green bonds to finance new recycling projects and 
low carbon energy infrastructure for its recycling plants 
in March 2021 and March 2023, reaching a cumulative 
value of more than €750 million (Novelis 2023).
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Figure 4.7: Green bond issuance by year. 2022 data extends until June

 

Source: European Investment Bank (2022).

73	 In other words, the return from an investment is reliable and contains low risk. In the case of secondary producers, these refer to risks, such as 
high price volatility of scrap metal and the use of very recent and unproven methods.

Public debt finance is often provided by national 
budgets and can come in the form of (non-repayable) 
grants, concessional debt financing or loan guarantees. 
Such financing helps to fund projects that would not 
have been funded by capital markets owing to their 
low ‘bankable feasibility’73 (UNEP 2013). By reducing 
interest repayment costs, public finance increases the 
profitability of individual projects, which can encourage 
firms to enter the market and increase investment in the 
sector in the short term. This can also serve as a proof of 
concept, which reduces the risk profile of similar projects 
and facilitates private investment in the longer term. 
Government-led investments and finance contribute 
significantly to the growth of the Chinese recycling 
industry (Ruan et al. 2023). The Asian Development Bank, 
the European Bank of Reconstruction and Development, 
the European Investment Bank and the Just Transition 
Fund of the European Union are significant regional 
providers, while the German KfW banking group is 
among the national providers of public finance for 
secondary producers (McCarthy and Börkey 2018; United 
Nations Environment Programme Finance Initiative 
[UNEP FI] 2020; UNECE 2023a).

Impact investing is a relatively new but fast-growing 
source of finance available to recycling companies. 
Impact investors are private sector investors that 
focus on the potential to generate positive social, 
environmental and cultural effects alongside a financial 
return. They accept a below-market rate of return and 
often lower liquidity in exchange for impact (UNECE 
2023a). Provided by a variety of lenders, impact 
investments are accessible through networks such as 
the Global Impact Investing Network, foundations and 
public and private funds. According to a survey by the 
Network (2017) conducted with 208 respondents with 
US$114 billion impact investments by 2016, up to 9 per 
cent of the assets belonged to companies in the sectors, 
including recycling and waste management.

In a blended finance approach, public funds, often 
from development institutions or governments, are 
combined with private sector investments to catalyse 
and support projects that might otherwise be considered 
too risky or financially unattractive by private investors 
alone. Blended finance mechanisms can take various 
forms, including concessional loans, guarantees, equity 
investments or other financial instruments that balance 
risk and return for all involved parties. They can be 
particularly powerful tools to attract private investors 

139

CHAPTER 4: Recycling and the circular economy



for circular economy projects in low and middle-income 
countries. The Western Balkans Investment Framework 
of the European Union provides finance and technical 
assistance for strategic investments in various sectors, 
including waste management and recycling (European 
Commission 2020a; European Commission 2020b).

Public-private partnerships typically involve the 
joint delivery of large-scale recycling services and 
infrastructure projects. The private sector often 
participates in the operational aspects of a project, 
such as design, financing, construction, operation and 
maintenance. This business model has already been 
observed, as in the case of the financing of the Lynas 
Corporation, a rare earth elements ore processing 
and recycling company, by Japanese public funds 
(Reuters 2019; Patil et al. 2023). There are several 
guidelines published to support the implementation 
of public-private partnerships to achieve sustainability 
objectives, including the Guiding Principles on Public-
Private Partnerships in Support of the United Nations 
Sustainable Development Goals of the UNECE (2019) 
and the related public-private partnership evaluation 
methodology for the Sustainable Development Goals 
(UNECE 2023b). 

Tax benefits are usually provided in the form of corporate 
income tax reductions, deductions or credits. Tax 
provisions may not always be considered support 
measures per se but they can indirectly favour the 
recycling industry by reducing the cost of scrap and 
other inputs used for production. The United States of 
America, the Republic of Korea, China, Brazil and South 
Africa provide incentives for recycling waste or reducing 
material use. In this area, European countries appear to 
focus more on penalties than incentives (KPMG 2013). 
Recycling firms can also benefit from relief from VAT, 
e.g. VAT refunds and credits. Examples of VAT incentives 
for recycled goods (to be sold or used as inputs) are 
common in the United States of America, Mexico, China 
and the Republic of Korea (International Solid Waste 
Association [ISWA] 2015). Nevertheless, secondary 
producers benefit from tax holidays, corporate income 
tax reductions and tax credits to a much smaller extent 
than primary producers (McCarthy and Börkey 2018).

Induced transfers include landfill taxes and bans, sorted 
waste collection for recycling and extended producer 

74	 https://www.reuters.com/world/china/china-exported-no-germanium-gallium-aug-due-export-curbs-2023-09-20/.
75	 Note that some restrictions on scrap can take an indirect form. For example, end-of-life vehicles and specific types of electronic waste are 
classified as hazardous waste by European waste regulations, and it is forbidden to export them outside European Union member States. This 
policy effectively serves as a ban on exporting certain types of metal scrap but is not always considered as such.

responsibility requirements. Such waste management 
policies are designed to reduce the amount of waste sent 
to landfills or incinerators. Combined with reasonable 
minimum content requirements, these policies lead to 
an increase in the quality and quantity of scrap materials 
available for recycling, particularly in market conditions 
where recycling and take-back schemes are more 
lucrative than landfill. In the long-run, extended producer 
responsibility can also encourage manufacturers to 
develop less material-intensive and complex product 
designs. Induced transfers can be useful to tap into 
reserves of municipal solid waste, which are becoming 
an increasingly important source of transition minerals 
owing to the electronic content of household waste. 
Increasing public recycling services, such as kerbside 
collection and drop-off points, can have a positive 
impact on household recycling (Goorhuis 2014). Export 
restrictions ranging from documentation to taxes and 
bans applied by major ore and scrap producers can 
constitute another induced transfer. Indeed, major 
primary producers of transition minerals and metals, 
such as China, Indonesia, India, the Russian Federation 
and the Democratic Republic of the Congo, have 
employed restrictions on the export of metals including 
rare earth elements and cobalt in the 2010s, and 
germanium and gallium in 2023.74 Even a minor change 
in the export tax rates or quotas could have major 
implications for global supply chains and metal prices, 
In turn, rising metal and commodity prices may increase 
the production capacity of recyclers owing to rising 
profit margins. Bans and quotas on metal scrap, the key 
input for secondary producers, typically have a limited 
impact on metal prices and availability compared to 
export restrictions on virgin materials. Export restrictions 
on metal scrap have been mostly applied by emerging 
economies, which accounted for only around 20 per cent 
of all scrap exports (by value) in 2014 (McCarthy and 
Börkey 2018).75 

The support measures for recyclers are not exhaustive, 
but the list above specifically highlights the practical 
support provided, not merely theoretical options. 
In recent years, private finance opportunities have 
significantly improved, with the United Nations 
Environment Programme Finance Initiative (UNEP FI) 
offering detailed documentation on available finance 
opportunities for businesses transitioning to a circular 
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economy, including recyclers of transition minerals and 
materials (UNEP FI 2020). The report not only outlines 
existing measures but also recommends extraordinary 
actions during crises, such as post-pandemic economic 
support programmes. Subsequent reports delve 
into frameworks for target setting and performance 
measurement (UNEP FI 2021; UNEP FI 2023) and 
illustrate the progress of banks, which are committed to 
the Principles for Responsible Banking, in incorporating 
circularity principles into their financial decisions (UNEP 
2021; UNEP 2023).

4.4.1 Impact of support for primary 
and secondary production 

Theoretically, low input costs and higher metal prices 
benefit both primary and secondary producers and most 
of the finance mechanisms available to primary producers 
are also available to secondary producers. In practice, 
however, secondary re-melters and smelters are less able 
to take advantage of lower input prices or higher output 
prices compared to their primary counterparts. There 
may be several reasons for this. Other than the technical 
limitations of the recyclers and market power of the 
mining industry, lower input prices have a limited impact 
if recycling plants are operating at a high capacity and the 
supply of scrap is limited. Moreover, only limited returns 
can be achieved by support measures that are aimed 
at increasing the secondary production of metals with 
already high recovery rates. Regarding the returns from 
investment, the same amount of support per unit made 
available for both primary and secondary producers does 
not result in similar levels of increase in the downstream 
output and yields better returns for the extraction sector 
(Zink et al. 2016). In other words, the provision of the same 
type and level of support to both industries tends to widen 
the gap between them in favour of mining firms.

Although the typologies of the support vary for primary 
and secondary production, extractive industries globally 
receive a lot more support from governments in relative 
(per unit of output) and absolute terms, reaching to 
the levels of billions of dollars.76 Johansson et al. 
(2014) demonstrate that, regardless of their form, the 
subsidies introduced by the Government of Sweden are 
significantly higher for primary metal manufacturers. 
In the case of fiscal support mechanisms, a study by 
Scharf (1999) concluded that the Canadian tax system 

76	 See Chapter 5 for a more detailed review of finance of primary production.

substantially favours using virgin materials rather than 
recycled materials for metal products. Fiscal assistance 
mechanisms are usually not targeted; they are therefore 
theoretically available to recycling companies. In practice, 
however, they are rather used by extractive industries. For 
instance, prolonged tax loss carry-forward frameworks 
are particularly favoured by primary producers to offset 
their current taxable income using their previously 
incurred financial losses in lengthy pre-production stages 
(McCarthy and Börkey 2018). 

It appears that recycling support measures address 
market failures more effectively than those in the primary 
sector, where the measures often seem to be designed to 
attract investment. Moreover, the support measures for 
the secondary sector put less pressure on public budgets. 
A landfill tax generates revenue, extended producer 
responsibility schemes and recycled content labelling are 
budget neutral, and public recycling collection is usually 
covered by the sale of recyclables and municipal waste 
charges (McCarthy and Börkey 2018). 

The effect of support for primary and secondary 
production may vary in the short and long runs. Let us 
consider the use of export restrictions as an induced 
transfer. In a domestic setting, implementing restrictions 
could initially reduce the availability of metal feedstock 
to foreign companies, potentially lowering metal prices 
and benefiting downstream processors in the home 
market. However, in the long term, decreased prices might 
disincentivize both primary and secondary producers 
from maintaining production levels. Moreover, domestic 
support measures can have global implications when the 
support mechanisms are introduced by a major mineral or 
metal producer. For example, reduced metal flows owing 
to export restrictions introduced by a significant primary 
producer could lead to global price increases, enhancing 
the competitiveness of secondary producers compared 
to primary ones in the short run. If the restrictions stay 
in place for a long period, the infrastructure could adapt 
to the conditions, e.g. by increasing investment into 
secondary production or exploration of new mines.

Financial support mechanisms for primary and 
secondary productions also have environmental 
impacts. The environmental footprint, water and energy 
consumptions of mining are generally much higher than 
those of recycling. Primary production processes often 
lack adequate regulation of environmental externalities 
but the available evidence indicates that the industry 
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often has higher carbon and energy footprints than 
recycling. Figure 4.8 shows that in the production of key 
transition minerals such as aluminium, copper and nickel, 
extractive activities respectively consume 10, 3 and 11 
times more energy than recycling and have 13, 3 and 
10 times the carbon footprint of recycling. The widening 
of the gap between primary and secondary production 
(e.g. by using indiscriminate support measures) can 
thus actually serve to increase the negative externalities 
of the former on the environment. Such effects need to 
be laid out more clearly in evaluations. While there are 
assessment methods for potentially environmentally 
harmful subsidies for European energy, agriculture and 

77	 For example, the landfill taxes may provide indirect benefits to recycling companies by increasing the size and quality of feedstocks. However, 
the exact impact of a tax raised on feedstock (price, quantity and quality), and metal collection and processing rates is difficult to quantify and 
measure.
78	 The Bureau of International Recycling released an updated version of the 2008 report in 2016 using data collected by literature review (Grimes 
et al. 2016). Although the data from two versions is very similar (which also shows the accuracy of the authors’ conclusions), the 2008 version 
based on real data collected from the industries is used here.

fisheries sectors, there are currently no quantitative 
cross-country evaluations for environmentally harmful 
subsidies provided to mining and recycling industries.

The effects of past recycling support experiences on 
the overarching resource management objectives and 
the environment could provide useful guidance for 
stakeholders when designing new mechanisms and 
revising existing ones (see table 4.1). Owing to the 
difficulties associated with quantitative measurement 
of the impacts of support,77 an overview of actual and 
potential effects is presented here.

Figure 4.8: Energy consumption and savings (in terajoules/100,000t) and carbon footprint and savings (kilotons 
of carbon dioxide/100,000t) required per 100,000 metric tons of primary and secondary productions for 7 
selected transition minerals
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Source: Grimes et al. (2008).78
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Table 4.1: Review of the impact of economic instruments to support recycling

Subject of research Main findings Reference and type of research 
[empirical/theoretical]*

Quality promotion 
and information 
campaigns

Quality promotion and targeted information campaigns can improve recycling 
rates, especially among lower-income and younger recycling groups. 

Crowding-out effects and reduced service quality observed in mandatory recycling, 
especially when expanded to new materials in high-burden areas.

Halvorsen (2012) [empirical]

Virgin material taxes Taxes reduce the extraction of virgin materials but prove ineffective in stimulating 
recycling, reducing extraction externalities or preventing the import of untaxed 
resources.

Söderholm (2011) [theoretical 
and empirical]

Welfare gains from 
reduction and 
recycling strategies

The benefits of reducing greenhouse gas emissions in the production of consumer 
goods are as significant as or greater than those of reducing solid waste disposal.

Cost-optimal waste reduction levels vary widely by material.

Direct recycling subsidies are less cost-effective than deposit or refund or advance 
disposal fees in achieving emissions reductions.

Acuff and Kaffne (2013) 
[theoretical]

Extended producer 
responsibility

In the long run, optimal efficiency is achieved through a subsidy on recyclability 
and a tax on the purchase of durables.

On the short-run adjustment path, policy instruments may have different signs, 
harming recyclability while promoting demand for durables.

A deposit–refund system is demonstrated to achieve efficient allocation both in 
the short and long run.

Eichner and Runkel (2005) 
[theoretical]

Legislation impact 
on profitability and 
feasibility

Constraints on recycling operations and the use of recycled materials owing 
to legislation that has an impact on various aspects, including landfill costs, 
transportation costs, energy costs and limitations on waste import and export. 

The balance between labour and energy costs affects technology choice and the 
profitability of using new versus recycled inputs.

Supporting innovation in technological development or commercial applications 
can introduce new and more efficient technology.

UNEP (2013) [empirical]

* Theoretical papers denote those developing their findings through models or equilibrium frameworks, exploring hypothetical scenarios to derive 
insights. Empirical papers are those relying on the analysis of adopted policies, investigating the real-world impact through data, observations and 
practical evidence.

Source: Authors

Maksim Safaniuk © Shutterstock
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4.4.2 Financial support for the recycling 
of transition minerals

Financial support is of vital importance for transition 
mineral recyclers at the early stages of their business. 
Lander et al. (2021) estimate that (particularly domestic) 
recycling of batteries can be a profitable business if it is 
scaled up. However, the economies of scale could mean 
that incumbent companies and countries would be in a 
favourable position in the future. This could in turn pose 
high barriers to entry for new companies and countries 
wishing to develop their own recycling business and 
policies. Policy support, particularly in forms of tax reliefs, 
subsidies and financial incentives would be crucial to 
sustain the market entry of new players.

To increase the end-of-life recycling rates of copper and 
nickel, certain policy measures can be implemented to 
ensure positive financial returns. One measure involves 
holding the producers of copper- and nickel-containing 
products accountable for recovering these materials from 
their products (Henckens et al. 2019) . Another measure 
includes mandating the recycling-oriented design of 
such products (van Schaik and Reuter 2014). In addition, 
support for the innovation of electronic labelling of 
parts within copper- and nickel-containing products can 
help to facilitate their separate collection and selective 
dismantling. The disposal of copper- and nickel-containing 
products can be strictly limited or taxed, while subsidies 

can be given for the use of recycled copper and nickel. 
Taxing the sale and import of primary copper and nickel 
could also be an option to dissuade buyers from relying 
on virgin raw materials in their supply chains. 

Table 4.2 presents an overview of some recent funding 
arrangements for recycling facilities around the world. 
The table includes funding agreements that were 
concluded between 2020 and September 2023 (compiled 
through desktop research of publicly available sources in 
English). The contracts for the creation of joint ventures 
or a company’s subsidiaries in other countries are not 
included. Based on the table, it can be said that there is 
a growing trend in funding deals for recycling facilities 
around the world, with several countries investing in the 
recycling of metals used in electric vehicle batteries, 
permanent magnet metals such as rare earth elements, 
and solar photovoltaic panel materials. The facilities 
are receiving public finance, including grants and 
debt finance, as well as private investment, including 
impact investing. The amount of finance provided to 
secondary producers generally varied from US$500,000 
to US$40 million, with some exceptional projects in the 
United States of America and China receiving finance 
worth hundreds of millions of dollars. The capacity of 
these recycling facilities is expected to increase over the 
next few years, with operational targets set for 2023 to 
2027.

saravutpics © Shutterstock
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Table 4.2: Examples from recent funding deals for metal recycling facilities for low-carbon energy technologies 
around the world (2020–2023)

Location Companies Financier Metals covered Size and other information 
about the facility

Types of 
finance Source79 

Australia Lynas Corporation Japan Oil, Gas and 
Metals National Corp 
(JOGMEC) and Sojitz 
Corp

Rare earth elements US$ 147 million low-interest 
loan to be repaid by 2030, 
aiming to provide rare earth 
elements to Japanese 
customers

Public-
private 
partnership

1

Canada 
(Quebec)

Geomega Investissement 
Quebec (Government 
of Quebec)

Permanent magnet 
metals (Rare earth 
elements)

Can$ 1.72 million to equip a 
new facility

Public debt 
finance

2

3

China 
(Hubei)

Contemporary 
Amperex 
Technology Co Ltd

Undisclosed (self-
owned or self-raised 
funds)

Electric vehicle (EV) 
battery metals such 
as cobalt and lithium

RMB 32 billion (US$ 4.96 billion) Information 
not 
available

4

5

Estonia Neo Performance 
Materials

European 
Commission Just 
Transition Fund

Permanent magnet 
metals (Rare earth 
elements)

€18.7 million to construct a 
vertically integrated rare earth 
magnet manufacturing and 
recycling facility. Operational 
target is 2025.

Public 
finance

6

Europe European Battery 
Alliance

European Investment 
Bank

Electric vehicle 
battery metals

€1 billion support for Europe-
wide battery projects, including 
recycling

Public 
finance

7

France MagREEsource Tangent Line (PFR 
Poland), Finindus 
(ArcelorMittal and the 
Flemish Region), EIT 
Raw Materials, and 
private investors

Permanent magnet 
metals (rare earth 
elements)

€5 million for a plant with a 
capacity of 50 tons by 2023 
(to be upgraded to 500 tons by 
2027)

Public 
finance

8

9

Germany HyProMag (based 
in the United 
Kingdom of 
Great Britain and 
Northern Ireland)

European Regional 
Development Fund 
and the Ministry of 
Economic Affairs, 
Labour and Tourism, 
Baden-Württemberg

Permanent magnet 
metals (rare earth 
elements)

€3.7 million (€2.5 million from 
the European Union and €1.2 
million from the Ministry) – 
initial production of 100 metric 
tons of neodymium magnets 
in 2024

Public 
finance 
(grant)

10

Japan Sumitomo Metal 
Mining, JX Nippon 
Mining and 
Metals, Sumitomo 
Chemical, Kanto 
Denka Kogyo, Jera, 
Nissan Motor

Nedo (state-owned 
energy research 
agency)

Electric vehicle 
battery metals

Rare metals

The consortium is aimed at 
establishing the technology to 
achieve a recycling ratio of 70 
per cent for lithium, 95 per cent 
for nickel and 95 per cent for 
cobalt by the April 2030–March 
2031 fiscal year.

Public 
finance

11

Malaysia 
(Kuala 
Lumpur)

Ni Hsin EV tech 
Berhad

SIRIM Berhad (state-
owned company 
of Malaysian 
Government)

Lithium-ion battery 
metals

The pilot plant will be fully 
operational in 2023, with an 
annual recycling capacity of 
550 metric tons of lithium-ion 
batteries.

Public 
finance

12

North 
America

Cirba Solutions EQT Infrastructure V 
fund 

Electric vehicle 
battery metals

US$ 245 million minority 
investment

Impact 
investing

13

United 
Kingdom 
of Great 
Britain and 
Northern 
Ireland 
(Teeside)

Altilium (Green 
Lithium)

British Government 
Automotive 
Transformation Fund

Electric vehicle 
battery metals (old 
scrap), gigafactory 
scrap (new scrap) 
and nickel and 
cobalt (primary feed)

£3 million Public 
finance 
(grant)

14

79	 See the Appendix (Appendix 4) for the list of URL links corresponding to the source numbers in table 4.2.
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Location Companies Financier Metals covered Size and other information 
about the facility

Types of 
finance Source 

United 
States of 
America

Redwood Materials Amazon (Climate 
Pledge Fund)

Capricorn Investment 
Group (CIG)

Breakthrough Energy 
Ventures80 

Electric vehicle 
battery metals

Redwood is one of five 
companies Amazon is investing 
in as part of its US$2 billion 
Climate Pledge Fund. Also 
received US$40 million from 
CIG.

Impact 
investing

15

United 
States of 
America 
(Atlanta)

Novelis Inc. Self-issuance Aluminium US$ 280 million in March 2023, 
€500 million in March 2021

Green 
bonds

16

United 
States of 
America 
(Odessa, 
Texas)

Solarcycle (based 
in California)

Fifth Wall and HG 
Ventures (The 
Heritage Group). Also, 
Prologis Ventures 
and existing investors 
Urban Innovation 
Fund and Closed 
Loop Partners

Solar photovoltaic 
panel materials

US$ 30 million (in addition 
to US$ 7 million raised since 
January 2022), aiming to grow 
the plant’s recycling capacity 
from 500,000 to 1 million panels 
per year and support research 
and development.

Impact 
investing 
(fundraiser) 

17

United 
States of 
America 
(Pittsburgh)

Metalico State (Pennsylvania 
Department of 
Environmental 
Protection)

Volkswagen

Aluminium, brass, 
bronze, copper, 
stainless steel, 
nickel alloys and 
steel

US$ 500,000 investment will be 
used to electrify the vehicles 
and infrastructure of the 
company. VW is the supplier of 
state funding.

Public 
finance 
(grant)

18

19

80	 Capricorn Investment Group: a sustainability-focused venture capital firm. Breakthrough Energy Ventures: an environmental fund backed by 
Jeff Bezos, Bill Gates and several other billionaires, mostly from the world of technology.

Overall, the table suggests that funding for recycling 
facilities for transition minerals is increasing in Europe, 
North America and Asia, indicating a growing interest in 
sustainable and circular material management. While 
the list is not meant to be exhaustive, notably, there 
do not seem to be many financial support examples in 
Africa, South America or Oceania, despite these regions 
including leading primary source countries of many 
transition minerals, such as lithium, copper, nickel and 
aluminium. Given their significant role and expertise in 
primary production, companies operating and based 
in countries and territories such as Chile, Argentina, 
South Africa, Australia and New Caledonia could also 
potentially become involved in the establishment of 
certain downstream ore-processing projects. Indeed, 
some of the funded recycling projects listed in table 4.2 
are already being led by companies with backgrounds 
in extraction, such as the Canadian mineral exploration 
company Mkango being a majority stakeholder in 
HyProMag. The extractive industry possesses valuable 
expertise in processing natural ores and there are many 
companies whose workflows go beyond upstream 
activities to include secondary production stages 
such as mineral and scrap metal processing, as well 
as smelting, remelting and refining of metal scrap. 

Significant environmental, social and economic benefits 
can be achieved if public and private financiers could 
further explore the untapped potential of vertically 
integrated recycling projects involving manufacturers 
(including those of low-carbon energy technologies) and 
primary production firms from mining regions further 
downstream.

Another area where secondary and primary producers 
may collaborate to address a crucial problem linked to 
the mining industry is the treatment of mine tailings. 
They could be another source of transition mineral 
scrap that can be fed into recycling streams (Araya et al. 
2021). There are thousands of tailings dams around the 
world that contain post-extraction waste. This ‘waste’, 
in turn, may contain a lot of valuable transition minerals 
that were not separated from the ore owing to their low 
economic value or insufficient technology at the time of 
the extractive operations. The separation and processing 
of the tailings can be a lucrative business for secondary 
and downstream primary metal producers (Araujo et 
al. 2022). Moreover, the treatment of the mining waste 
through circular economy strategies could reduce the 
environmental impact of past, present and future mining 
operations and encourage businesses and policymakers 
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to monitor more closely the potentially hazardous 
facilities that might have been neglected owing to their 
remoteness or obsolescence (Kinnunen et al. 2022). 
There are successful experiments of recovering nickel 
and cobalt via ‘bioleaching’, i.e. the remediation of 
tailings via microorganisms resistant to heavy metal 
toxication (Dong et al. 2023). The mining of waste that 
has already been dug up could reduce the need for highly 
energy-, water- and carbon-intensive stages of primary 
production, such as drilling, crushing and grinding.81 
Secondary producers could potentially work with the 
mining industry to locate and ensure the safety of the 
tailings facilities, while processing the tailings and 
turning this challenge posed by the primary producers 

81	 Indeed, such stages of mining are responsible for about one third of the carbon dioxide emissions (per ton) in the production of some critical 
energy transition metals such as lithium, nickel, praseodymium and neodymium, and more than two thirds in the case of copper (Conte 2022). The 
energy intensity of the mining stages in copper production is also estimated to be up to 40 per cent in the hydrometallurgy method (Moreno-Leiva 
et al. 2020). At the country level, a United States-wide study showed that crushing and grinding used on average about 44 per cent of all the energy 
used for mining in the United States of America at the time of that survey (United States Department of Energy 2007).
82 	https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02024R1252-20240503

into an opportunity to reduce the environmental 
footprint of former and ongoing metal production. The 
Regulation on critical raw materials (Regulation (EU) 
2024/1252)82 (European Commission 2023a) requires 
current operators to evaluate the potential for recovering 
materials from mine tailings and collect data on critical 
raw materials in the waste they generate. For closed or 
abandoned mines, European Union member States are 
mandated to compile this information from permitting 
records and targeted sampling, making it available in an 
openly accessible database. This enables prospective 
operators to identify viable sites for recovery projects in 
collaboration with public authorities.

4.5 RECYCLING CHALLENGES AND 
FINANCE
This section discusses the role of the different measures 
of financial support for secondary production, presented 
above, in the delivery of policy and business-driven 
solutions designed to tackle the above-mentioned grand 
challenges, highlighting the responsibilities of public, 
private and scientific actors in addressing them.

Technology and price uncertainties. Navigating 
uncertainties demands not only financial commitment, 
but also strategic agility to adapt to evolving 
technological trends and ensure sustained viability in 
the recycling sector. Projections informing investors 
require detailed assessments of potential technological 
shifts and advances and research needs to be funded 
by sustainability and climate funds to better account for 
this complex uncertainty in estimations (Christmann 
and Lefebvre 2022). Metal prices are one of strongest 
determinants of investment flows into secondary 
production (as shown in Chapter 2). Governments can 
enable finance for investments in recycling infrastructure, 
such as recycling facilities and waste management 
systems, to lower the cost of recycling and make it more 
economically viable. In particular, financial incentives 
for integrated metal production can be crucial to 
reducing vulnerabilities related to volatile metal prices. 

The collaborative work of public and private investors 
and contribution of researchers can help to address 
price-related and technological uncertainties. Following 
comprehensive technological assessments, impact 
investments led by flagship sustainability funds, as 
well as public-private partnerships and blended finance 
initiatives led by well-established public and private 
investors, could help to secure the investment, ensuring 
trust in the recycling projects by providing their vote of 
confidence. 

Product design challenges. The design of products is 
critical in ensuring that they can be easily disassembled 
and recycled by downstream secondary metal 
processors. It is desirable for the companies at each 
stage of the value chain to make the job of those in the 
next stages easier by designing their products and using 
materials that can easily be collected, dismantled and 
sorted. This requires more supply chain collaboration 
by mechanisms, such as cost-sharing of the recycling-
oriented design or vertical integration between 
manufacturing and recycling industries. From the design 
stage, the materials used in low-carbon energy systems 
need to be labelled for future use and recycling. The 
labels could contain material information, e.g. in the case 
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of lithium batteries, detailed specifications, including of 
the materials used in the anode, cathode, electrolyte and 
separator. Such labelling can be useful for the recyclers 
after the end-of-life of a product. The development of 
digital passports needs to be an integral part of products’ 
design before they enter the production stage to facilitate 
their disassembly, sorting and processing for recycling 
(UNEP 2013). Blockchain technology could be used 
for labelling before assembling products (Raja Santhi 
and Muthuswamy 2022) in order to create a product 
passport. One finance option that can help to address 
this challenge is eco-design financing. This type of 
financing provides financial incentives to companies 
that design products that are environmentally friendly 
and easy to recycle. By providing financial incentives, 
eco-design financing can encourage companies to 
use materials that can be easily collected, dismantled, 
and sorted. The proposal of the European Commission 
regarding eco-design requirements (Proposal for a 
Regulation of the European Parliament and of the 
Council establishing a framework for setting ecodesign 
requirements for sustainable products and repealing 
Directive 2009/125/EC)83, offers financial support for 
micro, small and medium-sized enterprises ranging 
from fiscal advantages to the provision of physical and 
digital infrastructure investments to meet eco-design 
requirements, including labelling, set out by the legislation.

Long lifetime of products. Extension of the (already quite 
long) lifetime of durables may present a challenge for 
closing the low-carbon energy technology loops via 
recycling. However, material-oriented recycling rates 
should not be the ultimate objective when determining 
circularity policies and supporting secondary production 
projects; recycling should be supported only if it is 
the best available option compared to other circular 
economy approaches. In such cases, extended producer 
responsibility can yield many benefits in the long-term, 
such as reduced product complexity and material 
inputs, and the organized collection of materials from 
decommissioned low-carbon energy technologies. 
The burgeoning literature on life-cycle assessment and 
material flow analysis in the last decade underscore 
the need for further studies to reconcile the Sustainable 
Development Goals with circular economy pathways 
(Schöggl et al. 2020). In this regard, the finance of 
research on material flow analysis and life-cycle 
assessment in relation to low-carbon energy technologies, 
their input materials and supply chains would help to 
make more informed decisions about most sustainable 
circular approaches.

83 	https://eur-lex.europa.eu/procedure/EN/2022_95

Increasing product complexity and inadequate 
infrastructure. Green bonds can be used to fund the 
development of new recycling facilities and infrastructure 
that are designed to handle the increasing complexity of 
modern products. Green bond financing can also be used 
to fund private research into new recycling technologies 
and development of such technologies. These efforts 
should be complemented by government finance for 
public and academic research for the development and 
assessment of new recycling methods and streams, 
including urban mining. Secondary producers could make 
use of support measures such as extended tax loss-carry 
forward to delay the repayment of their debts in early 
stages of commercialization (also see below).

Logistics of recycling. Policymakers should focus on 
incentivizing the development of standardized procedures 
for the collection, disassembly and transportation of 
end-of-life lithium-ion batteries. This involves creating 
a supportive regulatory environment that encourages 
industry collaboration and adherence to best practices. 
In addition, investments in research and development for 
innovative packaging and transportation solutions tailored 
to the unique characteristics of end-of-life lithium-ion 
batteries are essential. Regarding the location of facilities, 
Nguyen-Tien et al. (2022) discuss a hub-and-spokes 
model for lithium-ion battery recycling, with batteries 
removed at ‘spokes’ and recycling at central hubs, but 
note uncertainty about the durability of this model as 
the industry develops. The establishment of efficient 
hub-and-spokes systems requires both domestic and 
international financial support. Local collection, sorting 
and transfer centres and processing facilities could benefit 
from tax provisions, green bonds and public debt finance, 
as well as public-private partnerships, to be facilitated by 
national governments and domestic finance providers. 
In addition, international financial frameworks need to be 
enabled for all of the companies taking part in the global 
recycling value chains of end-of-life lithium-ion batteries 
and other low-carbon energy technology components, 
including logistic and safety providers. In this regard, 
the public and private financiers of countries hosting 
the logistics and recycling activities could collaborate 
to offer specific multinational green bonds, blended 
finance and impact-investing options to all the companies 
involved in their recycling value chains. Establishing a 
robust logistical organization necessitates collaboration 
between governments, recycling and logistics companies, 
financiers and research institutions to create sustainable 
and standardized practices for transporting and recycling 
transition mineral scrap. 
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Variations in processing streams. The variabilities in 
low-carbon energy technology metals require tailor-
made recycling pathways for almost each of them. The 
constraints on recycling and the policies required to tackle 
them vary significantly across different metals. The limited 
availability of scrap is the main obstacle to the expansion 
of secondary base metal production. In the case of ‘niche’ 
transition minerals, the economic feasibility of recycling 
processes remains crucial to boost secondary supply. 
Here, policy could be the key to unlocking the potential 
of the recycling industry by mitigating the obstacles 
to its competitiveness and restructuring the support 
mechanisms for primary metal production (Compañero 
et al. 2021; McCarthy and Börkey 2018). Impact investing 
can be used to fund companies that are developing new 
recycling technologies to handle different processing 
streams and that are working on new ways to recover 
metals from products that are difficult to recycle. 
Moreover, support mechanisms such as extended tax 
loss carry-forward systems and accelerated depreciation 
provisions might be of use for recycling companies of 
transition minerals, as they are for mining companies. 
Although these are generally favoured by primary 
producers, the secondary producers have similar 
pre-production costs involving experiments with new 
methods and technologies, which can be remedied 
by tax provisions at the early stages of commercial 
production.

Target setting and key performance indicators. 
Targets need to be set in the light of the best available 
technologies for recycling, considering both the physics 
and the economic and environmental costs and benefits 
of recycling. The material-centric approach needs to 
be replaced with the product-based approach oriented 
towards the holistic recycling of all components of a 
product. Without reliable and realistic measurement 
of past and current recycling efforts, it becomes 
extremely difficult to make decisions on recycling 
policies and finance for stakeholders. It would be 
beneficial for policymakers to explore this initiative as 
a way to advance the incorporation of circular metrics 
into financing strategies. Further elaboration of key 
performance indicators should be undertaken to 
encompass distinct stages within the recycling process. 
This involves identifying and recommending specific 
key performance indicators tailored to each phase, 
from collection and sorting to dismantling, chemical 
separation, and final material processing. By tailoring 
key performance indicators to the unique challenges 

and objectives of each stage, a more comprehensive 
and nuanced evaluation framework can be established, 
enhancing the effectiveness of monitoring and improving 
recycling processes. Public and private finance 
organizations must thus support the research and 
development of product-based performance indicators. 
The recent progress report of UNEP FI underlines that 
the banks financing recycling and circular economy 
approaches are “(…) making progress in measuring 
their performance in various impact areas [but] the 
methodologies are still in their early stages” and it is 
highly recommended that they lead the innovation in the 
development of performance measurement (UNEP FI 
2023b, p. 15). UNEP FI (2023a) provides detailed circular 
economy target-setting guidance for private financiers 
who aim to achieve or increase their positive impact, 
which can also be applicable to recyclers and other 
businesses working in the field of the circular economy. 
To increase transparency, enable external verification and 
avoid greenwashing, circular metrics must be embedded 
into financing. The Government of the Netherlands has 
taken significant steps towards achieving a fully circular 
economy by 2050. Its Financing Circular Economy 
working group has developed a pathway for integrating 
circular metrics into financing practices (Fischer 
and Achterberg 2022). Governments, businesses and 
independent organizations can set specific recycling 
targets and track progress towards those targets using 
key performance indicators, such as the amount of waste 
diverted from landfill or the percentage of recyclable 
materials recovered. This can help to focus efforts and 
resources on achieving recycling goals. Governments 
can use pay-for-performance systems to incentivize 
waste management companies to meet or exceed 
recycling targets, encouraging them to invest in recycling 
infrastructure and improve recycling rates. 

Public awareness about recycling. Governments 
need to finance awareness campaigns for household 
recycling with a particular focus on lower-recycling 
groups in the population (Prestin and Pearce 2010). 
Public awareness is significant not only for household 
recycling, but also for investing in future industrial-
level recycling policies. This could include providing 
incentives for households to recycle, such as tax breaks 
or discounts on utility bills. Governments should also 
ensure that recycling facilities are easily accessible and 
that recycling options are properly communicated to 
the public and to the businesses in industrial zones with 
metal scrap generation.
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Social cost of recycling. A better understanding of the 
comparative social costs of mining and recycling required 
to produce transition minerals is necessary to make 
better-informed investment decisions for sustainable 
resource management. Financing of the development 
of methods such as the impact pathway approach is 
needed. Furthermore, the development of assessment 
methods for environmentally harmful subsidies in 
mining and recycling industries could help policymakers 
to choose more eco-friendly support measures. The 
social cost of metal recycling can be high, particularly in 
emerging economies where informal recycling systems 
are prevalent. One finance option that can help to address 
this challenge is impact investing. By investing in formal 
recycling systems and technologies that prioritize worker 
safety and environmental sustainability, impact investors 
can help to improve the social cost of metal recycling.

Informal recycling systems. Public-private partnerships 
can be used to set up more formal recycling systems 
to help to increase the recovery efficiency of metals 
and reduce the environmental harm caused by informal 
recycling systems. The support for public-private 
partnership initiatives can be rallied via multilateral 
lenders such as the World Bank, in addition to relevant 
government agencies. Moreover, public-private 
partnerships can also be used to provide incentives 
for scrap collectors in developing countries. Effective 
monitoring measures must also be introduced and 
funded to ensure the safety and regulation of informal 
waste streams. To incentivize formal collection in 
developed countries, a deposit on the end-product might 
be useful. This deposit would need to be adjusted to 
the level of prices on the return date of the product. 
The black market for metal scrap is a significant 
challenge in many countries and can lead to the theft 
of valuable metals, as well as hazardous recycling 
practices. Financing for formal recycling systems can 
help to reduce the incentive for harmful and illegal 
recycling practices, as formal systems typically offer 
higher prices for scrap metal and adhere to higher 
environmental and safety standards. In developing 
countries, where informal recycling systems play a 
crucial role in waste management, the emphasis on 
formalizing recycling sectors should be balanced to 

84 	To the best of our knowledge, there is no known initiative to recover transition minerals from a mine tailings facility or any principles published 
to achieve this. The recent publications of the International Council on Mining and Metals (https://www.icmm.com/en-gb/our-principles/tailings/
global-industry-standard-on-tailings-management, https://im-mining.com/2022/09/22/the-icmm-addresses-mine-tailings-reduction-ambition-
with-new-roadmap-and-initiative/), the Initiative for Responsible Mining Assurance (https://responsiblemining.net/wp-content/uploads/2018/07/
IRMA_STANDARD_v.1.0_FINAL_2018-1.pdf) and the Global Tailings Review (https://globaltailingsreview.org/) address issues such as the 
environmental and social risks linked to tailings facilities, increasing mining efficiency to reduce the size of the tailings, and locating and 
assessment of risks of former facilities.

avoid marginalizing informal recyclers. The informal 
sector, while presenting challenges like health risks, also 
contributes to waste collection, income generation and 
job creation. Selective and moderate deployment of 
subsidies and penalties to formal and informal recycling 
routes can help to reduce some of the negative impacts 
of recycling practices harmful to health and environment 
(Yu et al. 2023). To effectively address the risks 
associated with informal recycling, financial support 
could be provided for the establishment of public-private 
partnerships and for policy measures, such as training 
for scrap collectors and the supervision of incentives and 
penalties. 

As a final note on the (re-)mining of tailings, this chapter 
calls for the creation of a global database for former 
and operating mine tailings facilities in order to make 
use of the mineral potential of these facilities while 
drawing the attention of governments and mining 
industry to their safety (see International institutions 
in Chapter 8 for details). This recommendation aligns 
with some of the existing efforts in this area, such as 
the Critical Raw Materials Act of the European Union 
(European Commission 2023a). There are several crucial 
considerations that need to be highlighted regarding the 
mining of tailings. Ensuring safety and preventing risks, 
such as potential collapses, should be of paramount 
importance throughout the entire process. Additionally, 
it is essential to establish oversight and regulation of the 
database by an international body, as suggested in the 
recommendations in Chapter 8 for the establishment 
of an international minerals and metals agency. The 
creation of such a database should build on existing 
databases, such as the Global Tailings Portal, by 
employing a combination of data scraping (potentially 
using artificial intelligence to capture locational patterns) 
and qualitative research to collect historical data on 
tailings dams, including potential material gains from 
tailings.84 Lastly, the mining sector and financiers, being 
the primary beneficiaries of this new mineral resource, 
should take the lead in developing finance and risk 
prevention strategies pertaining to the mining of tailings. 
It may also be possible to generate some degree of self-
funding from the sale of data or licensing of developed 
data, methods and technologies to third parties.
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4.6 CONCLUSIONS OF THE CHAPTER

When implemented in harmony with other circularity 
strategies, recycling presents an effective pathway for 
the supply of transition minerals. However, there are 
a number of challenges that must be addressed for 
effective secondary production to be achieved. This 
Chapter outlined a multifaceted approach to address the 
grand challenges of transition mineral recycling, offering 
policy and business-driven approaches underpinned by 
financial instruments. Metal pricing, a key determinant 
for investment in secondary production, can be 
influenced by government-backed financing for recycling 
infrastructure, reducing costs and making recycling 
more economically viable. Eco-design financing, with 
financial incentives, helps to overcome product design 
challenge and encourage environmentally friendly and 
easily recyclable designs. Green bonds serve to fund the 
development of recycling facilities and infrastructure to 
tackle increasing product complexity, complemented by 
government financing for research into new recycling 
technologies. Impact investing is crucial for handling 
varied processing streams and developing methods 
for recovering metals from challenging products. 
Extended tax provisions and accelerated depreciation 
support the early stages of commercial production for 
recycling companies. Social cost challenges in metal 
recycling, particularly in emerging economies with 
informal systems, can be addressed through impact 
investing, prioritizing worker safety and environmental 
sustainability. Informal recycling systems can benefit 
from the establishment of public-private partnerships, 
supported by training and a mechanism of subsidies 
and penalties to promote less harmful recycling 
practices. Governments, businesses and financiers 
should collaborate to set specific recycling targets 
(for whole products, as well as specific materials, as 
appropriate), focusing on key performance indicators 
to track progress and incentivize investments in 
recycling infrastructure. Public awareness campaigns 
financed by governments can promote household 
recycling. Addressing the above-mentioned limitations 
and providing adequate financial support for recycling 
would contribute to the efforts for the implementation 
of circular economy principles and meeting material 
demand driven by global climate objectives. 

In addition to those avenues already mentioned, a few 
further research avenues informed by the findings of this 
Chapter are presented here. There is a limited amount 
of research that has comprehensively investigated the 
various types of financial assistance for secondary metal 
production. This could be attributed to several factors, 
such as narrow definitions of government support, 
challenges in measuring many forms of secondary 
support or the fact that support is provided at different 
levels of administration (McCarthy and Börkey 2018). 
For a better impact assessment, further research is 
recommended in the areas of fiscal policies, subsidies 
and global impact on metal markets and supply chains. 
One area of research could be to analyse the impact of 
different fiscal policies, such as landfill tax, on primary 
and secondary production. Another area could be to 
investigate the impact of subsidies favouring primary 
production on the reduction of secondary production, 
owing to the increased costs or competitiveness of 
recycling. Case studies could also be produced on the 
global impact of subsidies and finance provided to the 
mining industry by a significant mining company, such 
as a substantial subsidy introduced by the Chinese 
government for the rare earth element mining industry. 
The case countries can be determined among the top 
producers of a mineral for which the production is 
highly concentrated, using the Herfindahl-Hirschman 
Index score as a metric (e.g. see Nassar et al. 2015) 
or the approach outlined in Chapter 1. Once there is 
a stock of individual country case studies, qualitative 
and quantitative cross-country studies could also be 
conducted for a better comparative assessment of 
different policies. The creation of a global database for 
former and operating mining tailings facilities could 
be a major step towards achieving more sustainable 
transition mineral production. In-depth qualitative and 
quantitative investigations into the mineral stock of 
these sources are needed, as well as financial support 
to unlock their potential for economically viable and 
sustainable metal production. Further research in these 
areas could provide valuable insights into the effects of 
fiscal policies, subsidies and mining practices on global 
metal markets and supply chains, as well as inform 
policies to promote sustainable recycling practices.
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4.7 APPENDIX

Figure 4.A.1: Economic valuation and the impact pathway approach

Source: van Beukering et al. (2014, p. 483).
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Table 4.B: URL links for sources used in table 4.2

1. https://www.reuters.com/article/us-lynas-corp-japan-debt-idUSKCN1TS00Q/

2. https://www.recyclingproductnews.com/article/32987/geomega-secures-financing-for-rare-earth-magnet-
recycling-demonstration-plant

3. https://finance.yahoo.com/news/geomega-announces-3m-funding-government-191600996.
html?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_
sig=AQAAADPQbnKK8-UovOn5wa9w2JyTsR7ITkIWCgbSkyzi5Vi6HEvKTgPZiqfR32lykBrPg66Dw0V
bIbMFBDNpzfip6uCba65eDqsvWqwwSPMLVx5qMXbEaU55cLnsURuKqISW79ds8RVGCo9lHx26G-
BWEMUDcjAj3S4E9mPOjCrBiED-

4. https://www.reuters.com/world/china/ev-battery-maker-catl-plans-5-billion-china-recycling-
facility-2021-10-12/

5. https://www.catl.com/uploads/1/file/public/202110/20211013094320_eoielp3aer.pdf

6. https://www.neomaterials.com/neo-performance-materials-to-receive-first-ever-grant-under-europes-just-
transition-fund-for-neos-planned-sintered-rare-earth-magnet-manufacturing-plant-in-estonia/

7. https://www.eib.org/en/press/all/2020-121-eib-reaffirms-commitment-to-a-european-battery-industry-to-
boost-green-recovery

8. https://jimdo-storage.global.ssl.fastly.net/file/a8b67f72-b983-4eb7-91d4-83ae47d98601/CP_
MagREEsource_Eng_final.pdf

9. https://www.greencarcongress.com/2023/02/20230207-magreesource.html

10. https://www.mining-technology.com/news/hypromag-rare-earth-germany/

11. https://www.argusmedia.com/en/news/2400483-viewpoint-battery-recycling-key-to-net-zero-in-japan

12. https://www.nst.com.my/business/2022/12/861114/ni-hsin-groups-unit-collaborates-sirim-setup-lithium-
ion-battery-recycling

13. https://www.recyclingtoday.com/article/cirba-solutions-secures-245-million-dollar-investment-for-battery-
recycling/

14. https://atfpro.co.uk/altilium-metals-have-selected-teesside-for-the-uks-largest-ev-battery-recycling-plant/

15. https://www.electrive.com/2022/12/09/accurec-announces-new-proces-to-recycle-lithium-from-old-
batteries/

16. https://investors.novelis.com/2023-04-21-Novelis-Second-Green-Bond-Report-Demonstrates-Commitment-
to-Meeting-Sustainability-Goals

17. https://www.forbes.com/sites/jeffkart/2023/03/15/solarcycle-plans-to-recycle-1-million-panels-a-year-with-
help-from-30-million-in-financing/?sh=2a4540635406

18. https://www.cbsnews.com/pittsburgh/news/pittsburgh-scrap-metal-company-getting-electric-trucks-with-
state-help/

19. http://www.metalicopittsburgh.com/services

Source: URL links (accessed on 20 April 2023)
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5.1 FINANCE AND THE MINERALS AND 
METALS INDUSTRY: BOUNDARIES OF THE 
DISCUSSION

85	 Overviews of the diversity and complexity of this industry, and of its essential roles in support of human development are available from multiple 
sources, including the annual editions of the United States Geological Survey Minerals Yearbook, the final report of the Mining, Minerals and 
Sustainable Development Project (Mining, Minerals and Sustainable Development 2002); Halland et al. (2015), the International Council on Mining and 
Metals (2016a and 2016b), Cameron and Stanley (2017); Christmann (2019); Ericsson and Löf (2019) and International Resource Panel (2020a).

This Chapter introduces and discusses the current 
state of the linkages between the financial sector, the 
financing needs of the minerals and metals industry, 
and the production of mineral commodities, with 
respect to the major sustainability issues related to the 
production and use of minerals and metals, given their 
key role in the provision of goods and services essential 
to human well-being. These services include the critical 
role of transition minerals.

As stated by Wellmer and Hagelüken (2015): “the 
trilemma of security of supply under conditions of 
economic viability and environmental sustainability also 
needs to be addressed in order to achieve sustainable 
development”. Finance and the choices and values of 
finance suppliers, both public and private, are of major 
importance in this context.

The minerals and metals industry is a highly diversified 
and complex85 industry requiring billions of dollars 
in annual investment to finance mineral exploration 
(see table 5.7 and figures 5.8, 5.9 and 5.10) and the 
commissioning of new production sites (mines, mineral 
processing plants, smelters and refineries). The largest 
capital investment reported so far needed to launch 
an industrial-scale project is the Simandou iron ore 
project in Guinea, which would require an estimated 
US$20 billion of initial capital investment to develop the 
mine and its related facilities (Engineering and Mining 
Journal 2022), including a 600 km railway line and a 
deep-sea harbour, for the export of the iron ore to the 
world markets.

Investors therefore play an important role in the delivery 
of minerals and metals to society, but the world of 
finance is itself very diversified (figure 5.1, left side), 
including actors that only seek a rapid profit, whatever 
the consequences of their actions on sustainability. 
These actors essentially use minerals- and metals-
related activities as a vehicle for their essentially short-
term speculative moves, while others look for long-

term opportunities that will provide credible returns 
for the assets they manage, including public savings 
and pension funds. The informed choices of investors 
and of the finance industry are therefore one of the 
key engines to drive progress towards sustainable 
development, possibly to the same extent as the 
regulatory actions taken by public authorities at the 
national or regional levels.

Public policies and regulations have an essential role 
in informing finance decisions, e.g. through disclosure 
requirements that improve the availability, quality 
and comparability of data, and to attract finance, 
especially private finance, through policies contributing 
to increasing the economic and financial viability of 
projects without jeopardizing environmental and social 
sustainability. They also are an essential ingredient of 
fostering trust among the multiple stakeholders who 
have to concur to make responsible mining projects 
possible (figure 5.1).

The analysis and discussion presented here is focused 
on the industry producing non-energy minerals and 
metals and on industrial-scale operations, which 
require large-scale investments for the development 
of new production sites, and for which public data 
and information are available. It does not cover the 
hydrocarbons-producing industry or radioactivity-related 
issues in the uranium industry. 

bondgrunge © Shutterstock
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Figure 5.1: Stakeholders in the minerals and metals industry. The production of minerals and metals also requires 
other suppliers not shown on the figure, such as technology, equipment and service providers
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Artisanal and small-scale mining is only marginally 
discussed in this chapter. Many such operations 
are family businesses or individual undertakings, of 
an informal, unregulated and sometimes illegal and 
even criminal nature. Their capital requirements are 
comparatively modest, and they are discussed in greater 
detail in Chapter 7. 

The financing needs for industrial-scale minerals and 
metals production are diverse, as summarized in figure 
5.2. and are further detailed in section 5.3, as well as 
in figure 5.5 and table 5.6. The financing of extractive 
activities from cradle (exploration) to mine closure, 
highlighted in green in figure 5.2, is mostly from private 
sources, through project specific combinations of 

equity and debt finance provided by a great diversity of 
private and institutional investors, development banks 
and, sometimes, State-controlled banks and investment 
funds. The latter have a pre-eminent role in more 
centrally planned economies. The main financing needs 
are the initial capital investment needed (section 5.3.1.1), 
after the completion of a feasibility study demonstrating 
the economic attractiveness of the project, for detailed 
engineering, procurement and construction, as well 
as for the commissioning activities needed to start 
production. 

The financing needs highlighted in yellow relate to 
the role of public authorities in promoting, enabling, 
permitting, monitoring and overseeing mining activities 
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(see section 5.3.3).

Figure 5.2: Summary representation of the financing needs at the various stages of minerals and metals related 
activities
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The formalization and the development of this specific 
segment of the mining industry, on which many millions 
of people in poorer countries depend for their living, 
would greatly benefit from the establishment of a 
specific funding mechanism to foster the development 
of mining small-and-medium sized enterprises (SMEs) 
operating in a formal, regulated framework (International 
Resource Panel [IRP] 2020a). Despite the small size 
and production capacity of operations essentially 
based on the use of muscular force, the artisanal and 
small-scale mining sector plays an important role in 
the production of several minerals and metals of great 
economic importance, especially cobalt, gold, tantalum, 
tin and precious stones (including diamonds, sapphire 
and jade). This importance is depicted in figure 5.3. A 
detailed overview of the artisanal and small-scale mining 
segment of the minerals and metals industry is provided 
in World Bank (2021) and in the abundant literature partly 
accessible via the Artisanal and Small-scale Mining 
Knowledge Sharing Archive (http://artisanalmining.org/). 
As already noted, the provision of finance for this sector 
is the subject of Chapter 7.

Gilles Paire © Shutterstock
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Figure 5.3 : Estimated share of artisanal and small-
scale mining (in blue), as compared to industrial scale 
operations (in orange), in the world production of 
selected minerals
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Data from the European Commission Raw Materials Information 
System, accessed on 22 July 2022 (https://rmis.jrc.ec.europa.
eu/?page=artisanal-and-small-scale-mining-a6f8a3). The European 
Commission states that the data are an average between estimates 
from BGR (Bundesanstalt für Geowissenschaften und Rohstoffe 
German Federal Institute for Geoscience and Raw Materials) (2019), 
the Organization for Economic Cooperation and Development (2019) 
and representatives from civil society organisations consulted within 
the European Commission Joint Research Centre project Surebatt 
(Reference year: 2019). Sapphires, Gold, Tantalum, Tin and Diamonds – 
(Intergovernmental Forum on Mining, Minerals, Metals and Sustainable 
Development 2017). (Reference year: 2009 for gold, tantalum and tin; 
2017 for diamonds; 2013 for saphires).

Similarly, owing to the lack of suitable statistical data, 
the production of construction materials and of many 
industrial minerals and their financing are not issues 
developed in this report. Construction materials are traded 
over shorter distances because they are bulky in nature 
(such as sand, limestone and cement) and have lower 
intrinsic value. Their financing and management are also 
relatively localized.

The analysis and discussion in this Chapter are therefore 
essentially focused on documented large-scale formal 
industrial operations, supplying the world economy. This 
largely excludes operations from companies that are not 
compelled to report their activities, or do not voluntarily 
report on their operations. This opaqueness remains 
particularly important in companies financed by private 
equity or operating in or from countries that have not yet 
made public disclosure an important component of their 
public governance framework. 

This, for instance, makes it particularly difficult to analyse 
finance issues related to the Chinese minerals and 
metals industry, within China or beyond its borders. This 
is an important issue, as seen in Chapter 1, because of 
the dominant share of Chinese domestic production 
in the global production of many minerals and metals 
essential to the global economy (figure 1.3), in addition 
to the rising share of minerals productions controlled by 
Chinese companies operating abroad. The rapid evolution 
since 2000 of Asia in general, and of China in particular 
(table 1.1), as the leading drivers of the global minerals 
and metals industry is the major development that has 
happened since 2002. The high rate of growth of the 
Chinese minerals and metals industry observed since 
2000 is of a magnitude and speed without precedent in 
human history, with huge impacts on the global economy 
and sustainable development issues. It is further covered 
in Chapters 1 and 2 of this report.

The production of minerals and metals can be 
technologically highly complex and knowledge-
intensive, requiring the combined use of different 
mineral exploration methods (Jébrak 2012; Bustillo 
Revuelta 2017; Haldar 2018; Okada 2022) and mining 
engineering techniques, and the selection of the most 
appropriate biological, chemical or physical methods 
for ore-processing and metallurgical technologies 
(Darling 2011; Wills and Finch 2016). Advanced digital 
technologies, such as real-time production management 
relying on sensor webs, the Internet-of-Things and 
continuously updated digital twins of the operations, 
big data and artificial intelligence play an ever-growing 
role in industrial-scale operations, deeply modifying the 
industry (Moore 2018). However, the implementation 
of state-of-the-art technologies by individual, especially 
smaller, companies can be hampered by issues such as 
their capital cost and the availability of the technical skills 
necessary. This considerably slows down the use of the 
currently best available technologies, which can take 
decades to become widely used in the case of major 
capital items, such as ore-processing plants or smelters. 
It must also be noted that once a company has chosen 
the technologies and equipment most appropriate for 
the mining and the processing of its resource, with its 
mineralogical and geochemical specificities, it will be 
likely to wait until its capital-intensive equipment needs 
replacement before considering whether to invest in 
some newer technology offering efficiency gains.
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Technological and managerial innovation are key 
drivers of profitable large-scale industrial operations 
(Vidal and al. 2013a; European Technology Platform 
on Sustainable Mineral Resources 2015; Schodde 
2019; Ali et al. 2018; Smith and Wentworth 2022). 
Innovation plays a crucial role in keeping production 
costs below market prices, arising from the enhanced 
efficiency of geological resource use, the reduction 
of energy and water use, the reduction of emissions 
and waste production, and the efficient use of labour 
and machinery. Innovation and cheap, abundant and 
concentrated carbon-based energy sources have made 
it possible to efficiently bulk mine large tonnage and 
low-grade deposits, such as porphyry copper deposits, 
leading to an apparent ore grade decline that does not 
reflect geological scarcity.

Together with the availability of abundant and cheap 
carbon-based energy, innovation has allowed the 
massive increase of the world production of metals 
observed since the onset of the twentieth century, 
and particularly after the Second World War. For many 
minerals and metals, innovation and cheap carbon-based 
fossil fuels allowed massive increases in production, 
without a comparable growth of minerals and metals 
prices, as exemplified in figure 5.4 for copper.

In the 1900–2017 period, world copper production grew 
by a factor of 39, while the copper price, expressed in 
constant United States dollars, was lower at the end of 
that period than it was at its beginning.

Figure 5.4 : Global copper production (in metric tons copper contained in the mined production (right axis and 
blue bars) and average annual copper price, in 1998 constant United States dollars (left axis and red line)
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Data from Data source: United States Geological Survey Data Series 140 (Porter et al. 2022). The deflator used to calculate the constant 1998 
United States dollar values is the United States Consumer Price Index for All Urban Consumers published by the United States Bureau of Labour 
Statistics.
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5.2 THE KEY ECONOMIC FEATURES 
OF THE MINERALS AND METALS INDUSTRY

86	 Source: https://www.mining.com/top-50-biggest-mining-companies/.

This section sets out some of the fundamental 
characteristics of large-scale mining: how it is organized 
and the processes that it uses. These characteristics are 
of great relevance to whether and how mining operations 
are financed. 

5.2.1 Extractive activities can only take 
place where economically recoverable 
deposits of minerals occur

The location of minerals is the result of a specific 
geological process that took place at a given moment 
in the Earth’s billion years of history. The geographical 
distribution of these processes is highly uneven, meaning 
that no country can expect to have domestic economic 
concentrations of all the minerals and metals its 
economy requires. This is a fundamental reason for the 
existence of geographically disconnected and complex 
supply chains for minerals and metals, which depend 
on trade (see Chapter 1) to overcome this geographic 
disconnect.

In this context, trading houses and individual traders 
play an important role in connecting supply sources with 
downstream industrial users. Some trading houses are 
also mining companies. Glencore, the world’s third largest 
mining company by market value in early 2023,86 is also a 
leading global minerals and metals trading house. Trading 
houses and traders are one of the components (figure 5.1) 
of the multi-faceted finance industry that funds mineral 
exploration and the development of new production 
facilities. So far, the commitment of individual trading 
houses (as well as other components of the finance 
industry) to sustainable development ethics, accountability 
and transparency is highly variable, as documented in a 
report by the World Resources Forum and the Responsible 
Mining Foundation (2023) assessing the sustainable 
development-related due diligence and public disclosure 
practices of a sample of 25 trading houses, including 
some of the world’s largest trading houses specializing 
in the minerals and metals trade. The report states that 
“many companies are unable to show that they are 
taking action to prevent supply chain risks from human 

rights abuses, illicit financial flows, and environmental 
damage. Due diligence systems on these issues are 
generally weak, often limited to the initial step of setting 
expectations for suppliers. Only rarely do companies’ 
systems extend to the critical stages of risk assessment 
and mitigation. Without these elements the due diligence 
systems will never contribute to the prevention of these 
significant supply chain issues. Alongside these weak 
results, there is little sign that companies are making 
efforts to review and improve the effectiveness of their 
due diligence systems. For example, about two-thirds 
of the companies show no evidence of tracking and 
reporting their performance on managing human rights 
risks in their supply chain.”. However, it also shows that 
some major minerals and metals traders have much 
improved their transparency and disclosure practices. 

5.2.2 The production of metals involves 
several stages

Figure 5.5 shows the nine stages involved in the 
production of metals. Each of these stages needs to be 
financed, often by different financial sector actors.

There are six stages that need to take place before 
production can start: (1) data acquisition from a geological 
survey; (2) a scoping study; (3 and 4) pre-feasibility and 
feasibility studies; (5) permitting; and (6) financing and 
mine construction. These stages are discussed in more 
detail later in the chapter.

In the production stage (7), ore must be extracted from 
the Earth’s crust by some form of mining, essentially from 
open-pit or underground mines, with the choice of the 
mining method dependent on the nature of the ore and 
on the detailed geometry of the mineral concentrations. 
The contained metals will then be extracted by physical, 
chemical or microbiological methods (or a combination 
thereof) to produce a concentrate of the economically 
valuable minerals contained in the ore, in preparation for 
the later extraction and, as needed, the refining of the 
contained metal(s) by a metallurgical process and, in 
many cases, a refining process tailored to the physical 
and chemical characteristics of the concentrate. 
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Figure 5.5: Main stages of an industrial-scale mining project
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In most cases, the valuable minerals will be separated 
from the mined ore by a specific concentration process 
that needs to take place near the mine to avoid, in the 
case of low-grade ores, the cost and impacts of handling 
and transporting waste materials over long distances. 
For instance, in 2014, Northey et al. estimated the 
average global copper ore grade to be 0.62 per cent. 
This means that for every ton of copper in an average 
ore, there are about 150 metric tons of uneconomic 
minerals extracted. Transporting the latter over long 
distances makes no economic or environmental sense. 
The resulting concentrate offers several advantages: 
the volume of material to be transported is much 
reduced, while its contained metal value is increased. 
This makes it possible to transport materials by sea 
to far away smelters, generally located in places 
where abundant and cheap energy sources, and other 
competitive advantages (infrastructure, qualified 

manpower and sometimes lax environmental or social 
practices) are available. Abundant and cheap energy 
frequently remains synonymous with the predominant 
use of carbon-based fossil fuels (figure 5.6) in the most 
important minerals- and metals-producing countries. 
Globally, the Organization for Economic Cooperation and 
Development (OECD) (2019) estimates that the minerals 
and metals industry is the source of about 16 per cent 
of global greenhouse gas emissions, with the production 
of aluminium, cement and steel being the main 
contributors to these emissions. The high greenhouse 
gas emissions for these three mineral raw materials 
relate to the metallurgical production stages of alumina 
and aluminium and of steel and to the manufacturing of 
cement, which can be compared to a pyrometallurgical 
process in some of its aspects. One of the causes of 
these high greenhouse gas emissions may be the nature 
of the material handled (limestone as a feedstock for 
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cement production, liberating carbon dioxide in the 
cement production process), the need to use coking 
coal as a reducing agent in steel-making or the use 
of coal as an energy source for the energy-intensive 
production of alumina and aluminium. Important 
greenhouse gas emissions related to the production of 
many other minerals and metals arise if carbon-based 
energy sources are used to drive the crushing and 
grinding operations necessary in ore processing. In 2007, 
an analysis of the energy consumption of the mining 

industry in the United States of America (United States 
Department of Energy 2007) estimated that crushing 
and grinding operations required about 44 per cent of 
industry’s total energy use (1,246 trillion British Thermal 
Units/year, equivalent to 1,315 TW/year. 

Detailed overviews of ore-processing are available 
from Gupta and Yan, 2016, and Wills and Finch, 2016, 
and of metallurgy from European Commission (2013a; 
2013b;2013c) and Vignes (2011a; 2011b; 2011c).

Figure 5.6 : The world’s 20 largest minerals and metals producing countries in 2020: share of carbon-based 
energy sources in the national energy mix.
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Data source: BP (2022).
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5.2.3 Large-scale projects can have lead 
times of 30 years and more from initial 
discovery to production.

The lead time is the time needed to perform the stages 2 
to 6 in figure 5.5 if the quality of a discovery justifies the 
rising investment needed to perform each successive 
stage. Long lead times, exceeding two decades are 
quite common, especially for large-scale projects. 
Hinde (2020), considering the 45 largest mines put in 
production between 2010 and 2019, as documented 
in the S&P Global Market Intelligence database, notes 
that on average it took 29 years from discovery to the 
startup of the mining operations, with an average of 24 
years from discovery to the completion of the feasibility 
study. Data compilation from the 2012, 2017 and 2022 
annual surveys of the world’s main projects published 
by the Engineering and Mining Journal shows that out 
of the 190 projects listed in 2021 for which an initial 
capital expenditure estimate is available, 48 (25 per cent) 
projects were already listed in 2016 and 25 (13 per cent) 
were already listed in 2011. 

Table 5.1 (see Section 2.8) on copper deposits indicates 
the year of each deposit’s discovery, and shows the long 
lead times of large-scale industrial scale mining projects. 
Some 16 of the 20 listed projects were discovered 
over 30 years ago. None of these deposits, which 
are of major importance to meet the copper demand 
foreseen including for the low-carbon energy transition 
(International Energy Agency 2021; Marscheider-
Weidemann 2021), are yet in production, and some of 
these projects may be further delayed for many years, 
without any certainty as to their future start date. 
This situation concerning long lead times confirms the 
observations made about 271 copper deposits by Ali et al. 
(2017).

Long project lead times can result from a combination 
of several factors: 

	z A decline in the economic merits of the project, 
caused for instance by a demand decline, which 
can itself relate to a technology shift or to a broader 
economic downturn. It can also be caused by the 
complexity of a given project, putting its anticipated 
profitability at risk (see the discussion on risks, 
Section 2.6). 

	z The complexity of environmental and of mine-
permitting procedures, as, in several jurisdictions, 
authorities pay growing attention to the 
environmental and social impacts of minerals and 
metals production. For new mining projects, obtaining 
the informal sustainable development licence to 
operate advocated by IRP (2020a), involving support 
from all the project’s stakeholders (figure 5.1), is 
likely to become an issue of rising importance and 
complexity worldwide, except in countries where 
autocratic regimes may push new minerals and 
metals production projects whatever their impacts. 

	z Environmental and social issues, sometimes 
translating to active opposition by local populations 
to the development of a mining project. Water use, 
cultural heritage, biodiversity conservation and the 
sharing of the wealth that minerals and metals 
production is supposed to create can become 
contentious issues, leading to opposition and, in the 
worst cases, even to open conflict. 

	z Weaknesses in the institutional capacities needed 
to evaluate the complex and large technical 
documentation submitted by mining companies 
to obtain their mining permits (feasibility studies) 
and environmental permits (environmental baseline 
data, environmental and social impact statements 
and management plans, mine closure plans). For a 
public authority, such as a mining directorate or an 
environmental agency, the assessment of such large 
and complex documentation (a single project may 
have many thousands of pages of technical reports, 
spread over many different reports), requires the 
availability of qualified and well-experienced staff and 
political support.

	z This can be problematic, including in some developed 
countries. Lower-income countries can face 
great difficulties in recruiting sufficiently qualified 
professionals and keeping them in employment, 
a source of recurring budgetary costs that some 
governments find it difficult to cover. This situation 
is further aggravated in countries with governance 
issues. Figure 5.7 provides a broad indication of the 
governance conditions prevailing in 2020 in each of 
the world’s largest 20 minerals and metals producing 
countries. It shows that of the 20 main minerals- and 
metals-producing countries, 16 have a comparatively 
weak governance framework, aggravating the 
weakness in institutional capacities. 
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Figure 5.7: The world’s 20 largest minerals and metals producing countries in 2020, by production value 
(including cement) (right vertical axis) and the 6 governance sub-indicators forming the World 2020 Governance 
Indicators of the World Bank for the selected countries (left axis, maximum theoretical values are +3 for the best 
performance, and – 3 for the worst performance).

 -

 50,000

 100,000

 150,000

 200,000

 250,000

 300,000

 350,000

 400,000

 450,000

 500,000

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00
China

Austr
alia

South Afric
a

Russ
ian Federatio

n

Brazil
Chile

Canada

India
Unite

d States o
f A

meric
a

Kaza
kh

sta
n

Peru
Mexic

o

Indonesia

Türki
ye

Democra
tic

 Republic

    
 of th

e Congo

Ira
n

Ghana
Guinea

Ukra
ine

Uzb
ekis

tan

20
20

 p
ro

du
ct

io
n 

va
lu

e,
 in

 m
ill

io
n 

no
m

in
al

 ($
)

W
or

ld
 G

ov
er

na
nc

e 
In

di
ca

to
r

Voice and accountability, 2020

Political stability and absence of violence or terrorism, 2020

Government effectiveness, 2020

Regulatory quality, 2020

Rule of law, 2020

Control of corruption, 2020

 2020 Production value, without
fuels but with cement,
(nominal million United States
dollars)

Source: Authors 
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Kaufmann and Kraay (World Bank), 2022 for the World Governance Indicators used.

87	 https://www.lme.com/Trading/Initiatives/LMEpassport

5.2.4 Minerals and metals production is 
a commodities-producing industry

Apart from construction materials (sand and gravel, 
ordinary clay for brick making, stone), which have a 
per metric ton value too low to be globally tradeable, 
as discussed in Section 2.1, minerals and metals are 
globally traded commodities (Trafigura 2019). Trade 
implies that the traded products are well specified, 
preferably by means of internationally recognized 
standards. To be a tradeable commodity, a mineral or 
a metal must meet chemical or physical specifications 
defined by their customers, which is widely the case 
for industrial minerals, by traders or by exchanges 
specialized in the trading of metals, such as the London 
Metal Exchange (LME), the New York Mercantile 
Exchange and the Shanghai Futures Exchange. 

An example of the specifications to be met by metals 
to be tradeable is provided, for the metals traded at 
the London Metal Exchange, by the LME Rulebook 
(London Metal Exchange 2022a). These specifications 
do not include environmental or social criteria. In 
other words, this means that global minerals and 
metals exchanges have no role in furthering the 
contributions of the minerals and metals industry to 
sustainable development. Their only contribution is 
the provision of reference prices and volumes for the 
minerals and metals they trade, as well as information 
about future contracts and the stocks in their bonded 
warehouses. They also provide information about the 
market sentiment at a given point in time, through 
their disclosure of futures contracts and the related 
anticipated prices of metals. Producers can, on a 
voluntary basis, disclose their sustainability metrics 
using specific services such as the LMEpassport;87 
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these sustainability disclosures are then made public 
via a web service, such as the London Metal Exchange 
Live Sustainability Disclosures.88 What is reported and 
according to what format or standard is left to the 
decision of the volunteering companies. The earlier 
attempt of the London Metal Exchange to introduce 
a specific trading platform for “green” (low carbon) 
aluminium had to be abandoned, in view of industry 
opposition (Jamasmie 2020).

 The commodity nature of minerals and metals 
has several consequences related to sustainable 
development:

	z The full production cost (full cash-cost) of any 
mineral or metal produced by an operation must 
be below the market price, or the producer will 
incur a loss. This cost includes all cost elements 
of the traded commodity, including mining and, as 
applicable, processing, melting, refining, depreciation, 
depletion, interest rates, amortization, taxes, royalties, 
levies and duties.

	z These production costs must, in principle, 
integrate the cost of fulfilling any obligations set 
out in national or regional laws and regulatory 
frameworks applicable to minerals- and metals-
producing activities. From a sustainable development 
perspective, any weaknesses, loopholes or 
exemptions, sometimes granted by authorities in 
confidential agreements, can be detrimental to the 
sustainable development goals, as can be the lack 
of well-qualified and resourced personnel needed to 
effectively implement existing regulatory frameworks. 
Shortcomings may be further aggravated in countries 
with insufficient public income to fund the core public 
institutions needed to promote and regulate the 
development of their minerals and metals industries 
or by weak public governance.

	z Voluntary pro-sustainability measures are likely to be 
considered by investors and individual companies 
only if they allow a reduction of their production 
cost. The reduction of input use, such as chemicals, 
energy (such as electricity, explosives and fuel) allow 
such win-win situations where sustainability gains 
and reduced production can be obtained. Similarly, 
the reduction of internal conflicts (between employers 
and employees) and external conflicts (between 
companies and local populations) may reduce costs, 
but individual companies may evaluate the bottom-

88	 https://www.lmepassport.com/#/public/live-sustainability-disclosures.

line benefits of proactive approaches to conflict 
management differently. Companies’ environmental, 
social and governance performances are, however, 
emerging as a separate material consideration for 
some investors, as discussed in Chapter 6.

	z For investors, the stakes are high, as the value of their 
investments can be severely hit by the materialization 
of one or several risks described in the appendix 
(Appendix 5). They have much to win, in the long 
term, by supporting the development of sound 
environmental, social and governance practices and 
transparent, public, quadruple bottom-line reporting, 
including the economic, environmental, social and 
governance performances, based on internationally 
recognized standards, which so far are missing, but 
with important developments in progress.

5.2.5 Large-scale production projects are 
technically complex projects

Large-scale industrial projects are technically complex 
operations at all stages, from exploration to mining, 
ore-processing, and, for metals only, metallurgical 
extraction and refining. This complexity is reflected in 
detail in the public feasibility reports available for many 
projects, but not all by any means. Process selection, 
continuous process control and optimization to save on 
costly inputs, such as chemicals or energy, for example, 
are important factors to maximize the profitability of a 
mining operation. 

Technological innovation helps to reduce production 
costs and environmental impacts, thanks for instance 
to more efficient or reduced use of chemicals, energy 
and water. A modern large-scale mine requires a 
well-coordinated use of competences in geology, 
geochemistry, geophysics, mineralogy, geotechnics, 
mining engineering, drilling, sampling, laboratory 
techniques, explosives and blasting, heavy machinery 
operation and maintenance, automation, robotics, 
hydraulics, electrics, welding, surveying, logistics, trading, 
information and communication technologies (ICT), 
administration, environmental management and social 
sciences. ICT plays a major role in modern exploration, 
mine planning and through all the stages of the industrial 
production of minerals and metals, as represented in 
figure 5.5.
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Exploration requires advanced geological knowledge and 
experience, as it is the detection of specific geological 
conditions that is the main guide towards the discovery 
of a potentially valuable mineral concentration. The first 
step towards the production of minerals and metals 
always starts with the compilation and interpretation of 
existing geological data, and then with field observations, 
soon to be complemented by some drilling, as a three-
dimensional understanding of the mineral concentration 
will be necessary. 

At the exploration stage, visual observations are in most 
cases complemented by the use of satellite imagery and 
a wide, and growing, range of sensors used to acquire 
georeferenced digital geochemical, mineralogical or 
geophysical data, either by means of portable field 
equipment (such as X-Ray fluorescence analysers and 
hyperspectral analysers), or helicopter or airborne data 
acquisition campaigns. All observations and data serve 
to progressively build a high-resolution three-dimensional 
digital geostatistical model of the ore deposit (Sirelda 
and Resmi 2017; Carvalho et al. 2020, Arias et al. 
2021), an essential tool in support of later mine design 
and planning that allows various mine designs and 
production schemes to be virtually tested, in support of 
the selection of the optimal production scenario, which is 
a crucial component of feasibility studies. 

At the production stage, process optimization at every 
single step is key to the efficient control of production 
costs, in order to save on input costs, such as chemicals 
(including explosives), energy and water, and to 
increase productivity, for instance through automation 
or preventive, planned maintenance of machinery. In 
modern, state-of-the-art production facilities (mines, 
ore processing, smelters and refineries) sensors and 
sensor webs continuously feed data into digital twins of 
the operations, allowing precise control of all the unitary 
operations, with significative sustainability benefits 
(Haüpl 2021). They also enable the remote automated 
operation of production facilities, keeping personnel 
away from potential sources of harm. 

Sánchez and Hartlieb (2020) and research agendas 
jointly developed by academics, researchers and industry 
representatives (Vidal et al. 2013b; European Technology 
Platform on Sustainable Mineral Resources 2015) 
provide an overview of the critical role and the trends in 
research and innovation as one of the important drivers 
of the enhanced sustainability of minerals and metals 
production.

5.2.6 Metals production is a high-risk 
industry

The commitment of private investment depends on 
an acceptable risk-return ratio, whereas minerals and 
metals exploration and production activities are exposed 
to a wide range of risks (Paithankar 2011; Badri et al. 
2012; Maraboutis et al. 2022), as detailed in Appendix 
5. Individual investors have variable risk acceptance. 
Some investors may accept certain risks, for instance 
governance-related risks, but shy away from others, such 
as economic risks. One of the consequences of this 
exposure to multiple risks is that the expected returns 
from mining projects need to be quite high, as shown by 
the key economic parameters discussed below that a 
project needs, on average, to meet in order to attract the 
initial capital investment required for its construction and 
commissioning.

Risks can impact the various stages of the mining life 
cycle: 

	z Exploration-related risks (Section 2.6.1)

	z Production-related risks (Section 2.6.2)

	z Post-mine closure risks (Section 2.6.3)

The exploration for minerals and metals (Stages 2 to 4, 
figure 5.5), the permitting (Stage 5), construction and 
commissioning of new production sites (Stage 6), and 
the production (Stage 7), mine-closure and the post-
mining stages (Stages 8 and 9) are exposed to multiple 
risks, or can cause risks to local populations or local and 
global ecosystems. Risks can be categorized into several 
classes: economic/business, governance, environmental, 
technological and social risks, as shown in Appendix 5.

In 2022, the European Commission worked on the 
elaboration of best risk management approaches in the 
extractive sector, with the support of consultants. The 
study was finalized in September 2023 (Eco-Efficiency 
Consulting and Engineering 2023) and is currently 
available from the competent national authorities of the 
European Union member States. It provides information 
on important aspects for how to undertake risk 
management within the on-shore extractives sector with 
a focus on environmental risks and selected aspects of 
occupational safety and health. 
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5.2.6.1 Exploration related risks

Economic risks

Exploration activities require significant capital 
investments over many years. Table 5.6 provides the 
order of magnitude durations and the costs of mineral 
exploration stages, while Section 5.3.4, provides a 
broader economic overview of global mineral exploration 
and of its financing. 

The main exploration-related risk is the economic risk 
of never recovering the investment made in mineral 
exploration, as funds invested in mineral exploration 
will not generate economic returns until an exploration 
project turns into a profitable production operation. 
Schodde (2022a), based on 2022 metal prices (see 
table 5.7), estimated that over the 2011–June 2022 
period, the average value of the discoveries made as 
a result of worldwide mineral exploration was only 
US$0.64 per dollar invested in mineral exploration, with 
important regional differences. This does not mean that 
investment into mineral exploration activities cannot be 
highly profitable. The gains can be huge in the rare case 
that a top-tier deposit is discovered. Profits can also be 
made further to active trading in any shares with high 
volatilities, and shares of junior mining companies are no 
exception to this common practice.

Economic risks are aggravated by the frequently long 
lead times of exploration projects (see Section 5.2.3) 

Long-term investors supporting mineral exploration 
projects manage the economic risks by implementing a 
stepwise approach to exploration funding, with the main 
steps outlined in figure 5.5 and table 5.6. At the end of 
each step, a “stop-or-go” decision is taken in view of the 
results of the completed stage, the economic potential 
of the project and broader economic considerations. 
Uncertainty about a project’s merits is very high during 
early-stage exploration and progressively decreases up 
to the completion of the feasibility study. However, even 
then, there remain risks that will be discussed in the next 
section. Some amount of uncertainty is inherent to the 
minerals and metals industry. Uncertainty can only be 
reduced; it never can be eliminated.

To reduce their exposure to economic risks, investors 
in mineral exploration favour brownfield exploration 
projects over greenfield ones (see Glossary for these 
expressions), looking for extensions of known deposits 
or deposits located in the district, with the same 
geological context as already profitably mined deposits 
(brownfield exploration). Investors tend to be shy of the 
cost of exploring areas that are as yet unexplored, where 
less data may be available to guide exploration towards 
promising targets. According to S&P Global Intelligence 
(2022), only 26 per cent the total estimated global 
exploration funding allocation (US$11.2 billion) went to 
grassroots exploration, while 36 per cent of this budget 
went to late-stage projects and feasibility studies, and 38 
per cent went to mine site exploration, directly looking for 
extensions of a known ore-body in production.

Environmental and social risks

The environmental and social footprint of mineral 
exploration is mostly minor, and only temporary. It cannot 
be compared with the environmental risks and impacts 
of the production stage and the post-mine closure stage. 
Early-stage exploration (definition: see Glossary) has no 
significant environmental impacts as the activities in 
the field are limited to the temporary (generally for a few 
weeks or lasting as long as some months) presence of 
a field team, with no heavy equipment involved. Some 
impacts may occur if vegetation must be removed 
to provide access by car, and temporary localized 
disturbance of biodiversity may occur. In most cases, the 
natural recovery of exploration areas is rapid, and if there 
are no further activities, such as advanced exploration 
(definition: see Glossary) or later mining, the recovery of 
the natural environmental is likely to be completed in a 
few years.

Advanced stage activities can have higher impacts owing 
to the operation of heavy machinery, such as drilling rigs 
and bulldozers, which may affect biodiversity or fertile 
soil, which may be removed from a small area to access 
the bedrock. Accidental spills of fuels or oil used to 
operate vehicles and machinery are a source of localized 
impacts, calling for careful supervision of exploration 
operations by both the companies engaged in them 
and the public institution in charge of the supervision of 
mineral exploration and mining activities.
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5.2.6.2 Production related risks

The production of minerals and metals is one of the 
human activities most exposed to multiple, complex 
forms of risk (see Appendix 5). Appendix 5 consists of 
a table providing a semi-detailed compilation of risks 
specific to the minerals and metals industry, assessed 
from a broader sustainable development perspective. 
The identification and evaluation of these risks, and of 
the impacts they may have, not only on future production 
activities but also on local communities and on local 
and regional ecosystems and the services they provide, 
requires close attention at the planning stage of new 
projects. Ideally, risk identification and the definition of 
prevention and management strategies call for close 
cooperation between the companies developing new 
projects, the relevant regulatory authorities, and the 
communities that may be affected.

Economic risks are diverse. Inflation, unanticipated 
increases in the cost of labour, energy and other inputs 
may have an impact on an operation’s viability. Among 
these risks, the decline of demand and thus of a 
commodity’s market price, may seriously jeopardize a 
mine’s economic viability. Operations producing minerals 
or metals for a market dominated by a single or a few 
applications are particularly vulnerable to rapid demand 
and correlated price declines in the case of technological 
shifts. As an example, this happened to cobalt, the price 
of which peaked at over US$80,000 per ton in April 2022, 
in view of strong demand for the production of lithium 
batteries cathode material. Since then, the price of cobalt 
has declined to slightly above US$30,000 per ton in view 
of a growing substitution of cobalt by nickel in cathode 
materials and of open questions regarding the pace of the 
future development of electromobility in China. Minerals 
and metals producers can to some extent manage this 
category of economic risk by hedging the prices of their 
products (Trafigura 2019; London Metal Exchange 2022b) 
and by entering prepayment agreements with trading 
houses or the end users of their products (Trafigura 2020). 

Environmental and social risks, if they materialize, may 
translate into negative impacts, sometimes lasting for 
decades, even centuries, after the closure of a given 
productive activity. Risk assessment and management 
are of major importance to all minerals and metals 
industry stakeholders (figure 5.1), especially companies 
developing production projects or operating production 
sites, the investors invested in these activities, the local 
communities that may be affected by the activities and, 
finally, various components of the global and the local 

environment, the environment on which humanity’s fate 
greatly depends, which is a silent stakeholder in any 
project or operation. 

The materialization of risks can badly affect operations 
and ruin investments, cause fatalities and injuries, 
destroy buildings and infrastructure, and cause major 
environmental and lasting reputational damage to a 
company and the industry in general. The financial 
consequences of major events resulting from weak risk 
management can, in some cases, be counted in billions 
of dollars. The consequences of poorly assessed or 
managed risks are illustrated by the Brumadinho tailings 
dam failure. This happened in January 2019 at one 
of the iron ore operations of Vale in Brazil, killing 259 
people, with 11 still missing, in addition to large damage 
to buildings and infrastructure, as well as to the local 
environment, particularly the local river system. In 2021, 
Vale agreed to pay about US$7 billion in settlement for 
the damage it caused (Andreoni and Casado 2021). The 
final cost to the company could be significantly higher. 
Its further consequences are presented in Chapter 6.

5.2.6.3 Mine closure

The Brumadinho case is an extreme illustration of 
the need for formal and adequately funded mine 
closure procedures, and the potentially dire possible 
consequences of the absence or poor implementation 
of such procedures.

Depending on the specific national or regional legislation, 
and of its effective implementation, once an operation 
stops, whatever the cause, a formal closure process that 
normally involves the operating company, as well as public 
authorities, should take place. The aim is to ensure that 
the land where the past operations took place is handed 
back to the authorities or original landowners, without any 
attached biological, chemical or physical issues, to allow 
the use of the derelict industrial site for other purposes. 
Local populations should be closely associated with the 
closure process as they are likely to suffer most from any 
problems developing after the mine-closure.

Mine closure comprises diverse site-specific actions 
such as:

	z social support measures to ease the transition 
of affected communities towards new activities 
supporting their livelihoods;

	z dismantling of facilities and the removal, recycling 
and reuse of their materials and equipment; 
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	z site remediation that may include soil treatment to 
remove pollutants, the removal and reprocessing of 
waste, the reintroduction of vegetation or reforestation, 
development of alternative post-mining land-uses, such 
as recreational facilities, environmental conservation 
areas (for instance thanks to the development of 
ecologically valuable wetlands or of equally valuable 
fauna or flora conservation areas at the location of 
former open pits). 

Several jurisdictions with important mining activities, 
as well as institutions, have developed guidelines on 
mine-closure management that are of value to any 
party confronted with this particularly important stage 
of any mine. Examples are Québec, Canada (Ministère 
de l’Énergie et des Ressources naturelles, 2017), Papua 
New Guinea (International Institute for Sustainable 
Development 2019), Western Australia (Government 
of Western Australia, Department of Mines, Industry 
Regulation and Safety 2020), India (Indian Bureau of Mines 
2022) and Nevada, United States of America (Nevada 
Division of Environmental Protection 2022). In addition, 
the World Bank Group (Parshley et al. 2021) and the 
International Council on Mining and Metals (2019) provide 
detailed guidelines that are not country-specific.

A central guiding principle in mine closure strategies 
is, after mine closure, to ensure a smooth social 
transition to local communities that were dependent 
on the mining activity for their living, and to enable 
alternative sustainable land uses where a production 
facility was once located. Mine closure is the pivotal 
moment where the company that leased the land 
needed for its production activities will transfer its rights 
and obligations back to the authorities or the original 
landowners. Mine closure planning should be closely 
integrated into an operations feasibility study and in the 
related Environmental and Social Impact Assessment 
to be submitted to the regulatory authorities as part 
of the mining permitting and environmental licensing 
processes. The costs foreseen by the mine closure 
plan must be budgeted for in the feasibility study and 
adequately provisioned, with a proper financial guarantee 
being provided to the authorities. The mine closure plan 
should not be an afterthought, but should be considered 
at the initial stages.

Hidden or underestimated mine closure costs may 
expose investors to considerable financial risks, as mine 
closure is an extremely challenging task with multiple 

intertwined technical, environmental and social issues. 
The insufficient provisioning of capital needed for this 
delicate stage of a mining operation’s life or planning of 
the necessary, potentially costly, operations can lead to 
legal tangles, or even conflicts, with the authorities or 
local populations. The International Council on Mining 
and Metals (2023), on its website dedicated to mine 
closure notes “closing a mine poses a material financial 
and social risk that puts broader economic survival and 
future investment in mining in jeopardy. In response, 
mining companies are seeking to better integrate ESG 
[environmental, social and governance] and closure 
considerations into their mine plans to optimise closure 
performance and costs.” In view of the potential long-
term consequences to local communities and to the 
natural environment they depend on, mine closure issues 
are receiving significant attention.

An extreme example of issues related to mine closure 
is the Giant Mine closure case. This was a large gold 
mine near the city of Yellowknife, Northwest Territories, 
Canada. The mine closed in 2004, leaving behind 237,000 
metric tons of arsenic trioxide (Crown-Indigenous 
Relations and Northern Affairs Canada 2021), not only an 
economically worthless by-product of the metallurgical 
process (ore roasting) used to recover gold from the 
ore, but also a deadly poison. This powdery residue is 
stored in underground chambers from where it may 
leak into groundwater and surface water, a deadly threat 
to local populations and the regional environment. The 
only solution to avoid a catastrophe is to build a frozen 
underground bubble to confine the toxic material. In 2012 
(Aboriginal Affairs and Northern Development Canada 
2012), the initial cost of this solution was estimated 
to be Can$ 903 million (US$ 686 million, at the 15 
September 2023 exchange rate), over the 2006–2025 
period. In addition, the annual recurring cost of 
operating the system and proper site monitoring was 
estimated to be Can$ 1,982 million (US$ 1,506 million) 
for the 2025–2037 period. The final costs could be much 
higher, as the confinement and monitoring system on the 
site will need to be operated for perpetuity. This burden will 
have to be borne by future taxpayers who have not at all 
benefited from the past mining activities. 

Since the 1990s, a growing number of jurisdictional 
authorities are developing mine closure regulations 
to protect taxpayers and local communities from the 
potential impacts from mining legacies (see figure 2 in 
Parshley et al. 2021). 
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5.2.6.4 Post-mine closure risks

Depending on whether a mine closure is carried out 
successfully, in the worst but not infrequent case, 
long-term risks related to derelict minerals and metals 
production may include one or several of the following 
items:

	z Ground instability: land subsidence and, in the worst 
case, land collapse into underground cavities related 
to past mining activities;

	z The release of potentially harmful chemical 
compounds from mining waste, such as tailings, 
toxic heavy metals and potentially bio-assimilable 
compounds, into the air (via dust), soil and surface 
or groundwater;

	z Tailing dams failure.

These risks may be aggravated in the case of the 
exposure of improperly closed mining sites to natural 
hazards, such as extreme weather conditions (rainfall or 
drought), landslides or seismic or volcanic activities.

5.2.7 Risk assessment and management 
practices

Risk assessment has a long history in mining, as 
mining projects are exposed to a wide range of 
complex intertwined political, economic or business, 
environmental and social risks with the existence of 
feedback loops, for instance between commodity prices 
and the capacity of a given company to engage in the 
costly management of the ore-processing tailings it 
generates. 

The risks of engaging in a particular operation have 
always been more or less considered by operators and 
the investors supporting them. The assessment of 
any political, regulatory, economic, environmental and 
social risks that may have an impact on the viability of 
a future operation is a core component of feasibility 
studies and of their preceding stages (scoping studies, 
preliminary economic assessments, prefeasibility). 
Risk assessments can be highly empirical and 
skewed towards an investor’s or an operator’s short-
term interests, owing to the need for the operator to 
keep its full cash cost (see Section 5.2.4) below the 
market price(s) of the commodity(ies) being produced. 

This may lead to a reduced consideration for the 
lasting environmental or social consequences the 
materialization of a specific risk can cause, and the 
temptation to leave unsuspecting future taxpayers to 
cope with legacies many years after the closure of the 
operation that generated the problems.

There is a lot of literature on risks specific to the minerals 
and metals industry, including on transition minerals and 
their management, as seen from the perspective of a 
given stakeholder, mostly from an industry or business 
perspective (Darling 2011; Gonen 2020) or related 
to a specific risk category, such as operational risks 
(Paithankar 2011). 

In their review of risk assessment methods in the mining 
industry, Tubis et al. (2020) identified over 100,000 
records of publications of all sorts, published in the 
2010–2020 period, matching the search expression 
“risk in mining industry”, using the Primo search engine. 
Among the authors’ findings and conclusions, two 
risk categories were found to be of particularly high 
importance, warranting further research and knowledge 
development:

	z The impacts of mining on the environment and the 
impacts of the environment on mining, 

	z Financial and economic risk assessment issues, 
a domain that the authors consider of great 
importance but on which they could not identify any 
literature.

The perception by mining companies of the top 10 
business risks to mining projects has been assessed 
annually for over 10 years by EY (formerly Ernst & Young). 
In its 2023 Edition, EY (2022a) ranks environmental and 
social issues as the top risk, and the closely related issues 
related to obtaining the informal licence to operate (the 
unwritten consensus of all stakeholders, including local 
communities and workers, in support of the given project, 
see figure 5.1), as the third-biggest risk. 

Throughout the full lifetime of a production project, from 
the construction to the post-closure stages (Stages 6 to 9, 
figure 5.5), the detailed assessment of hazards, risks and 
the potential impacts that may result from a production 
project, along with the related impact monitoring, 
mitigation and reduction strategies and mitigation plans, 
needs to be an essential component of the exploration 
activities leading to the preparation of a project’s feasibility 
study (Stages 2 to 4, figure 5.5). They have a major 
impact on the project’s economics and its contribution to 
sustainable development. 
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Hazards and risks (see Glossary for a definition of these 
terms) specific to the production of minerals and metals 
may be perceived differently by different stakeholders. 
Investors are, for instance, likely to be concerned about 
the relevance and the profitability of their investment, 
or about the consequences for their investment of the 
materialization of a risk through circumstances, such as 
an accident, a tailings dam failure, a conflict with local 
communities or air, soil and water pollution.

Companies are also likely to be concerned about their 
reputation and, for publicly listed companies, about a 
decline of their market value and rising difficulties in 
attracting the investment necessary for their future 
projects. 

Local communities are likely to be concerned about the 
consequences on their economic viability, their health 
or the impacts on local environmental components 
their living depends on, such as the availability of 
sufficient good quality water resources, clean air or 
fertile soil. They may also be highly concerned about 
the conservation of their cultural heritage.

So far, there is no mandatory international standard for 
risk assessment, reporting and public disclosure for 
minerals and metals production projects. There are no 
international requirements for minerals- and metals-
producing companies to perform risk assessments and 
disclose their outcomes in a specified format. Current 
practice varies from opaqueness to transparency 
regarding the risks related to individual projects and 
operations. Transparent risk assessment should 
be considered as a good governance practice, but 
governance practices are diverse and none of them are 
broadly internationally recognized and implemented, with 
the current state of affairs having been described in detail 
in the IRP report on mineral resources governance in the 
twenty-first century (IRP 2020a).

No statistical review of the current situation regarding 
risk assessments and reporting practice could be 
identified. Public documents presenting the risk 
assessments performed for individual mining projects 
are essentially limited to:

89	 https://www.epa.wa.gov.au/epa-assessment-reports.
90	 https://www.projects.eao.gov.bc.ca/projects-list.
91	 https://www.resolutionmineeis.us/. 

	z Feasibility studies made public in compliance with the 
Canadian NI-43-101 standard disclosure obligations, 
applicable to all companies listed on the Toronto Stock 
Exchange, the world’s largest exchange for exploration 
and mining companies. So far, the NI 43-101 has 
established the world’s most stringent disclosure 
obligations, which are applicable to about 1,200 
companies listed on the Toronto Stock Exchange, 
including reporting on risks. Its requirements applicable 
to written disclosure of mineral resources and mineral 
reserves include: “… the identification of any known 
legal, political, environmental, or other risks that could 
materially affect the potential development of the 
mineral resources or mineral reserves“ (Canadian 
Institute of Mining, Metallurgy and Petroleum 2011).

	z The disclosure obligations for companies listed on 
the second largest exchange specialized in equity-
raising for minerals- and metals-related projects, the 
Australian Securities Exchange, are less stringent. 
The Australasian Code for Reporting of Exploration 
Results, Mineral Resources and Ore Reserves (JORC 
Code) describes its intents as follows: “to provide 
a minimum standard for Public Reporting, and to 
ensure that such reporting contains all information 
that investors and their professional advisers would 
reasonably require, and reasonably expect to find in 
the report, for the purpose of making a reasoned and 
balanced judgement regarding the Exploration Results, 
Mineral Resources or Ore Reserves being reported”. 
Its definition of risks is also narrower, as the standard 
only calls for the identification and reporting of “any 
identified material naturally occurring risks” that could 
impede the demonstration of the existence of proved 
reserves. 

	z The compliance by mining companies with national 
and regional legislation and regulations making 
public consultations prior to the environmental 
permitting of projects mandatory. Some countries 
and regions provide public access to registries 
that allow any filed document can be retrieved 
and downloaded. Examples are the Environmental 
Protection Authority of Western Australia, 89 the 
Environmental Assessment Office Project Information 
Centre of British Columbia, Canada90 and project-
specific registries for companies that must seek an 
Environmental Impact Statement under the United 
States National Environmental Policy Act, one 
example being the large-scale Resolution Copper 
mining project in Arizona.91
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As noted above, the European Commission published 
its elaboration of best risk management approaches in 
respect of environmental risks and selected aspects of 
occupational safety and health in the extractives sector 
in September 2023 (Eco-Efficiency Consulting and 
Engineering 2023).

5.2.8 Minerals and metals production 
is a capital-intensive industry

The production of minerals requires an initial capital 
investment before any productive activity can be started. 
The amount of initial capital is extremely variable, 
depending on the size of the production operation, the 
technologies used to produce a marketable mineral 
product, the project-specific risks and their management 
costs, and the provisions made for mine closure. Initial 
capital expenditure requirements vary from several billion 
dollars for large-scale base metals or iron ore production 
projects to a few dollars for rudimentary small-scale 
individual artisanal operations, where equipment may 
be limited to a pick, a shovel and a metal pan needed 
to produce the mineral concentrate (mostly a heavy 
– high-density – mineral such as coltan (a tantalum 
ore), cassiterite (tin ore), gold or precious minerals). 
Figures 5.8 to 5.10 provide an overview of the initial 
capital requirements of the world’s main mining projects, 
derived from the 2021 annual survey of mining projects, 
the Global Mining Investment Outlook (Govreau 2022), 

published every year by the Engineering and Mining 
Journal. According to this source, at the end of 2021, 
221 projects were earmarked for investment into their 
development, totaling US$270 billion in capital expenditure 
needs, some of them over many years. This figure is likely 
to be significantly underestimated, as many projects 
remain unreported or undisclosed, as explained in Section 
5.2.9. Not all important mineral production categories are 
covered, most probably owing to the lack of public data 
on individual projects. Industrial minerals (such as rock 
phosphate, potash and sulphur) and projects related to 
construction materials or development minerals are not 
reported. 

Table 5.1 indicates the initial capital expenditure and 
resources estimates (in metric tons of contained copper) 
of the world’s 20 largest undeveloped copper mines. The 
actual initial capital expenditure that will be required for 
the construction of these projects is often higher than 
stated in published feasibility studies (definition: see 
Glossary) (Mackenzie and Cusworth 2007; Mackenzie 
and Cusworth 2016), owing to a wide range of causes. 
In addition, many years may elapse between the 
completion of a feasibility study, and the decision to 
commit the required initial capital expenditure and to 
start building a new production site. EY (2022b) states 
that “a June 2021 study of 192 global mining and metals 
projects worth more than US$1b found that 64% ran over 
budget or schedule – or both – with the average cost 
overrun sitting at 39%.”

Jaromir Chalabala © Shutterstock
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Table 5.1: The world’s 20 largest undeveloped copper deposits (those of greatest importance to the global 
economy; as of August 2022)

Deposit 
name Country Deposit 

type Owner Discovery 
year

Capital 
expenditure 
(in nominal 

million 
dollars)

Copper 
contained in 
the indicated 

and measured 
resource or in 
the reserves 
(metric tons)

Ra
nk

in
g 

by
 c

op
pe

r c
on

ta
in

ed
 in

 th
e 

st
at

ed
 re

so
ur

ce
s

1 Pebble United States of 
America (Alaska)

Porphyry 
copper

Northern Dynasty 
Minerals 1987 4,500 25.82 X

Projects on hold or facing m
ajor uncertainties as to their future developm

ent

2 Udokan copper Russian Federation 
(Transbaïkalia)

Sediment-
hosted

Udokan copper/ USM 
Holding 1940 1,350 18.67 X

3 Tampakan Phillippines

Epithermal 
deposit + 
porphyry 
copper

Alcantara Group/ 
Sagitarius Mines 1992 5,900 14.99 X

4 Reko Diq Pakistan 
(Belouchistan)

Porphyry 
copper

JV Barrick (50 per cent) 
and Pakistani partners. 1974 4,150 14.40  

5 Mes Aynak Afghanistan Sediment-
hosted

Jiangxi Copper/ 
Metallurgical 
Corporation of China

1973 Unknown 12.31 X

6 Resolution Copper United States of 
America (Arizona)

Porphyry 
copper Rio Tinto/ BHP 1995 6,000 10.18 X

7 Cascabel/ Alpala Ecuador Porphyry 
copper SolGold 2011 2,540 9.85  

8 Taca Taca Argentina Porphyry 
copper First Quantum Mid-1960s 3,275 9.47  

9
Frieda River (Horse‐
Ivaal‐Trukai‐Ekwai‐Koki 
(HITEK) deposits)

Papua New Guinea Porphyry 
copper

Frieda River Ltd. 
(PanAust Mining) 1964 3,600 8.74 X

10 Los Helados Chile Porphyry 
copper NGEX Minerals 2008 Unknown 7.98  

11 Golpu Papua New Guinea Porphyry 
copper Harmony Gold/ Newcrest 1983 2,825 7.59  

12
Twin Metals (Maturi 
and Maturi SW 
deposits)

United States 
of America 
(Minnesota)

Mafic to 
ultramafic 
intrusion

Antofagasta 1954 2,775 7.37 X

13 Onto/Hu’u Indonesia Porphyry 
copper Sumbawa Timur Mining 2013 Unknown 7.07  

14 Baimskaya (Peshanka 
deposit)

Russian Federation 
(Tchoukotka)

Porphyry 
copper KazMinerals 1972 8,500 6.61  

15 Ann Mason United States of 
America (Nevada)

Porphyry 
copper Hudbay 1956 1,351 6.44  

16 Kerr-Sulphurets-Mitchell Canada (British 
Columbia)

Porphyry 
copper Seabridge Gold 1960s 5,005 6.38  

17 Galore Creek Canada (British 
Columbia)

Porphyry 
copper Teck/ Newmont Mining 1955 2,200 5.19 X

18 Los Azules Argentina Porphyry 
copper

Andes Corporation Minera 
and McEwen Mining Mid-1980s 2,363 4.62  

19 Bougainville 
(Panguna mine) Papua New Guinea Porphyry 

copper
Bougainville Copper 
Limited 1969 1,800 4.61 X

20 Casino Copper Canada (Yukon) Porphyry 
copper

Casino Mining/ Western 
Copper and Gold 1965 3,251 3.48  

Total (in metric tons contained copper in published indicated and measured resources) >>> 61,385 191.76

of which, projects that are facing significant development issues >>> 107.89
of which, projects that are facing significant development issues, as a percentage of the total resources of the 
listed deposits >>> 56 per cent

Deposits discovered over 30 years ago >>> 10 out of 20 
(50 per cent)

Note: They represent a total resource of 180 metric tons of copper, about nine years’ worth of the current world production. Putting them into 
production would require at least $61 billion. 
Deposits with a discovery year highlighted in gold were discovered more than 30 years ago. Projects shown to be on hold are currently blocked in their 
development owing to one or several issues, such as the award of an environmental or the mining permit, or environmental or social issues including 
open conflicts or political instability. 
Source: Authors
Data sources: Company reports (up to August 2022), United States Geological Survey.
See also: Valenta, R.K., Kemp, D., Owen, J.R., Corder, G.D. and Lèbre, É. (2019). Re-thinking complex orebodies: Consequences for the 
future world supply of copper. Journal of Cleaner Production 220, pp. 816–826. https://www.sciencedirect.com/science/article/pii/
S0959652619305359?via%3Dihub
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Figures 5.8 to 5.10 provide a synthetic overview of 
the initial capital requirements needed to launch new 
mining production, as estimated by Govreau (2022) at 
the end of 2021. Figure 5.10 shows that, on average, 
iron ore (average capital expenditure requirement: 
US$3,255 million) and copper (average capital 
expenditure requirement: US$1,985 million) production 
projects are those with the highest capital expenditure 
requirements. This is related to the large tonnage of ore 
that needs to be extracted, processed and transported to 
meet world demand.

Commercial databases also provide such information; 
for instance, S&P Global Market Intelligence (https://
www.spglobal.com/marketintelligence/en/) and OPAXE 
(https://www.opaxe.com/). 

92	 https://www.opaxe.com/.
93	 www.crirsco.com.

An analysis of the 2,178 scoping, preliminary economic 
assessment, preliminary feasibility and feasibility studies 
listed by OPAXE92 for the period from 4 September 2014 
to 23 September 2022 shows that 1,368 (63 per cent) of 
these reports were produced using the Canadian NI 43-
101 reporting standard, 761 (35 per cent) were produced 
using the Australian JORC Code and only 5 (less than 
1 per cent) were produced using the South African 
Code for the Reporting of Exploration Results, Mineral 
Resources and Mineral Reserves (SAMREC Code). While 
there are other national reporting standards recognized 
by the Committee for Minerals Reserves International 
Reporting Standards (CRIRSCO),93 they do not appear 
to have any impact on the information available on the 
global minerals and metals industry. 

Figure 5.8: Major mining projects in the year 2021, with reported capital expenditure estimates, by number of projects
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Data source: Engineering and Mining Journal (2022).
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Figure 5.9: Major mining projects in the year 2021, total capital expenditure estimate by mineral resource 
category, in current million United States dollars
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Data source: Engineering and Mining Journal (2022).

Figure 5.10 : Major mining projects in the year 2021: 
minimum, maximum, average and median capital 
expenditure requirement by mineral resource category, 
in current United States dollars
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Data source: Engineering and Mining Journal (2022).

As noted above, the mentioned databases only provide 
an incomplete overview of the financing of the global 
mining minerals and metals industry as much data 
remains undisclosed. Several important limitations of 
what is known, in detail, about the global minerals and 
metals industry are as follows:

	z Limited data and information are available on 
construction minerals and development minerals 
(sand and gravel, ordinary clay, slate, dimension and 
ornamental stone) and industrial minerals production, 
as many companies engaged in these sectors of the 
minerals and metals industry are not publicly listed or 
have no public reporting obligations.

	z Unlisted companies, for instance private equity 
companies, also have no public disclosure 
obligations, a situation that is aggravated by the 
fact that many of them are also headquartered in 
countries with little commitment to transparency.
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	z Countries with limitations on the public disclosure of 
their companies. The case of China is of particular 
importance, as it is the world’s largest producer of a 
range of minerals and metals (see Chapter 1). So far 
information available in English on the huge Chinese 
minerals and metals industry is limited. In addition 
to a mine and its necessary auxiliary installations 
(access roads, energy and water supply, explosives 
storage and in some cases on-site production, 
offices and other facilities), large-scale industrial 
operations may also include some additional project-
specific facilities, such as an ore-processing plant, a 
metals foundry and refinery, a railway or a deep-sea 
harbour. This explains why in several cases the initial 
capital investment ranges from US$10 billion to 
US$16 billion. Top-tier large-scale industrial projects 
are those which matter most for the global production 
of most ferrous (chromium, cobalt, iron, manganese, 
nickel, tungsten and vanadium) and several non-
ferrous metals (aluminium, copper, lead, zinc) that are 
produced in larger tonnages. Data on the initial capital 
investment required to put specific projects into 
production is part of the mandatory public disclosure 
requirements for projects owned by companies listed 
on the relatively few stock markets where disclosure 
is mandatory for exploration projects, in various 
degrees of detail, which are essentially Canada and 
Australia. 

5.2.9 The long road towards 
transparency and accountability

For many centuries, mining and metallurgical activities 
were considered as highly strategic by the rulers of the 
different countries endowed with mineral deposits, and 
wars were fought to secure these resources, or control 
resources located in other countries. For these rulers, 
minerals and metals were a major source of wealth 
and of dominance over other countries. This remains 
the case in some countries where policymakers see 
rapid industrialization and infrastructure development 
dependent on minerals and metals as key drivers of 
economic and social development, and do not put 
information about this sector in the public domain. 

Historically, the public disclosure of mining and 
metallurgical activities was essentially limited to financial 
and economic data, including data on production, 
resources and reserves published by publicly listed 
companies in their annual reports. The history of 
minerals and metals not only includes great industrial 
achievements, but also frauds, scams and multiple 
counts of negative environmental and social impacts.

As recently as 2004, in a country as economically 
and socially advanced as Canada, it was possible for 
the company operating a mine that closed to declare 
bankruptcy, leaving environmental burdens from past 
operations to the local communities and authorities 
to cope with (the Giant Mine case, a large gold mine 
that operated near Yellowknife, Northwest Territories 
(Canada, Government of the Northwestern Territories, 
Indian and Northern Affairs Canada 2010; Sandlos 
and Keeling 2012). Poor environmental and social 
conditions still prevail in mining operations in many 
parts of the world, but no global site-specific overview 
of environmental and social impacts of minerals and 
metals production is yet available. The most advanced 
development in this direction is the environmental, 
social and governance assessment of 40 large mining 
companies and 250 individual mining sites based on 
a wide range of indicators in the Responsible Mining 
Foundation 2022 report (Responsible Mining Foundation 
2022c; see Chapter 6).

ivan canavera © Shutterstock
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From a sustainable development perspective, the lack 
of transparency and of extended disclosure obligations 
enhances the opportunities for wrongdoing, such as 
poor environmental and social practices, taxation 
base erosion, transfer pricing (Guj et al. 2017; Pun 
2017, Readhead 2018a), corruption (“Congo Hold-
Up”94) or money-laundering. The accurate and detailed 
reporting of impacts from the mining industry are an 
essential first step if investors are to be able to invest 
in responsible mining companies. The absence of 
information also contributes to the development of 
numerous environmental, social and governance-related 
conflicts between local communities and companies 
pursuing mineral exploration or actual mining. Figure 
I.12 in the Introduction shows the location of minerals 
and metals exploration projects or production sites 
where conflicts have been identified in Latin America by 
the Environmental Justice Atlas.95 The high number of 
minerals- and metals-related conflicts all along the Andes 
mountain range is caused by two factors, underlining the 
importance of environmental, social and governance-
related aspects to the future of the minerals and metals 
supply and the global low-carbon energy transition:

	z The Andean region is one the regions with the highest 
densities of mineral deposits, especially copper 
deposits, in the world. It is the world’s largest source 
of copper, a metal of the highest importance to the 
global low-carbon energy transition.

	z Water and fertile soil are particularly scarce resources 
in most of the Andes, and of vital importance to 
local, generally poor, communities, especially on the 
western side of the cordillera and on its plain along 
the Pacific coast. The competition for the use of these 
resources is an important cause of conflicts.

Illicit financial flows are a major and continuing problem 
plaguing the minerals and metals industry in many 
countries or regions that suffer from poor governance 
frameworks, undermining the industry’s contributions to 
the Sustainable Development Goals and depriving them 
of much needed public revenue, i.e. opportunities to offer 
a sustainable future to their populations (Cobham and 
Janský 2018; African Union and United Nations Economic 
Commission for Africa 2021; Albertin et al. 2021). 

94	 Website with case histories of corrupt practices in the mining sector of the Democratic Republic of the Congo: congoholdup.com
95	 https://ejatlas.org/.

To help to combat this situation, the Intergovernmental 
Forum on Mining, Minerals, Metals and Sustainable 
Development and OECD have developed analysis and 
a toolkit to address taxation base erosion and profit 
shifting in developing countries (Intergovernmental 
Forum on Mining, Minerals, Metals and Sustainable 
Development and OECD 2019).

Over the last two decades, two major events have 
catalyzed progress towards greater accountability and 
transparency of some part of the global minerals and 
metals industry (this is described in detail in the IRP 
report Mineral Resource Governance in the 21st Century 
(IRP 2020a)):

	z The shockwave from the Bre-X gold-mining scam 
(Nicholls 1999; Desjardins 2015) led the stock market 
to the publication and enforcement:

	| In 1999, of the Australian JORC Code developed 
by the Joint Ore Reserves Committee of the 
Australasian Institute of Mining and Metallurgy, 
the Australian Institute of Geoscientists and the 
Minerals Council of Australia; and

	| In 2001, of the NI 43-101 Standards of Disclosure 
for Mineral Projects, developed by the Canadian 
Securities Administration.

	z The strong distrust of civil society and local 
communities caused by the negative environmental 
and social impacts of the minerals and metals 
industry’s activities. Already widespread in the 1990s, 
this led a group of nine major companies to launch an 
in-depth independent multi-stakeholder assessment 
of the linkages between the minerals and metals 
industry and sustainable development, the Minerals 
and Mining for Sustainable Development project, the 
report of which found that “minerals companies as a 
group have a poor record of safe and healthy working 
conditions” and “even the best modern operations 
may have some undesirable environmental impacts, 
and good practice has far to go before it spreads 
to all parts of the industry” (Mining, Minerals 
and Sustainable Development 2002). The report 
strongly advocates for greater transparency and 
dissemination of information on projects as an 
effective way to reduce transaction costs and obtain 
the support of the local communities that may be 
affected by mining projects.
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These important milestones on the long and windy 
road towards consolidating mining’s contribution 
to sustainable development had important positive 
consequences that are presented in detail in the IRP 
report Mineral Resource Governance in the 21st Century 
(IRP 2020a). The key developments from a financial and 
investment perspective are outlined here in two parts: 
exploration activities, up to the definitive feasibility study 
(Stages 2 to 4, figure 5.5); and production activities 
(Stages 6 and 7).

5.2.9.1 Progress related to the public reporting 
of exploration activities

Since the early 2000s, there have been important 
developments in the data and information available on 
the exploration activities of some important parts of 
the global minerals and metals industry. Stock market 
authorities introduced requirements for much improved 
reporting practices of mineral exploration projects, up to 
the definitive feasibility study. Publicly listed companies 
were compelled ensure that their reporting practices 
on their exploration projects conformed to national 
standards, with a key role given to named qualified or 
competent persons, who either prepare or supervise 
these reports, putting their professional standing at risk 
in the event of malpractice. Some non-listed companies 
joined this move towards greater transparency by 
voluntarily reporting their exploration activities using the 
same reporting procedures as listed companies. 

The obligation for companies listed on some major 
stock markets to report their exploration activities, up to 
and including the Definitive Feasibility Study, in a format 
described by relevant national reporting standards and 
recognized by the relevant stock market regulatory 
authority (Committee for Mineral Reserves International 
Reporting Standards [CRIRSCO]96, is a game changer, but 
one with important limits.

96	 https://crirsco.com/
97	 From a CRIRSCO presentation: https://crirsco.com/wp-content/uploads/2024/04/15_Russia_NAEN_Update-GMalukhin_OIllyin.pdf

S&P Global IQ, a subscription-based service, has 
identified 422 feasibility studies on individual projects 
being reported according to a national reporting 
code since 2001. Of these, 55 per cent were reported 
according to the Australian JORC Code and 42 per cent 
according to the Canadian NI 43-101 standard. Only 
seven feasibility studies (2 per cent of the total) were 
reported according to the South African SAMREC Code; 
two were reported using the Securities and Exchange 
Commission SEC code of the United States of America; 
two using the Russian National Reporting Organization 
(OERN)97 code of the Russian Federation; and one 
using a Chinese code not yet recognized by CRIRSCO. 
The national reporting codes of Brazil, Chile, Colombia, 
Europe, India, Indonesia, Kazakhstan, Mongolia and 
Türkiye so far have no impact on the progress of public 
disclosure of mineral exploration and development 
projects. While China is the world’s largest minerals-and-
metals-producing country, no feasibility study prepared 
by a Chinese company for a project within China could 
be identified, at least not in the English language. 

Figure 5.11 shows the annual progress made since 2001 
in the publication of feasibility studies compliant with 
one of the reporting codes recognized by CRIRSCO, as 
recorded in the S&P database.

Mer_Studio © Shutterstock
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Figure 5.11: Annual count of feasibility studies compliant with a national reporting code recognized by CRIRSCO
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Data source: S&P Global IQ subscription-based global minerals and metals industry database 

The obligation for nearly 2,000 companies listed either 
on the Toronto Stock Exchange (NI 43-101 reporting 
standard) or the Australian Securities Exchange (JORC 
Code), to report on their mineral exploration projects 
worldwide under one of these reporting codes has much 
improved, quantitatively and qualitatively, the data and 
information publicly available on a significant part of 
global mineral exploration activities. In particular, as 
intended by these reporting standards, the reports from 
these companies provide resources and reserves data 
with the highest current confidence level, as the data 
they provide is much less prone to embellishment or 
manipulations than data from other sources. The latter 
are hardly verifiable, leaving their users no other option 
but to accept or reject such data. 

Feasibility studies also provide valuable analysis of the 
minerals and metals market. They also provide detailed 
insights into ore deposit geology, mining, ore processing 
and, sometimes, metallurgical technologies. 

However, despite progress since the late 1990s, 
important limits remain concerning the disclosure of 
reliable data and information on mineral exploration 
projects:

	z There are major differences between reporting and 
disclosure obligations under the Canadian NI 43-101 
standard and the Australian JORC Code, and limits to 
the sustainable development relevant knowledge that 
can be derived from the reports produced using these 
national reporting standards (Forest 2013). Disclosure 
obligations regarding sampling procedures, the 
determination of indicated or measured resources, 
or of reserves, are extensive under NI 43-101 and 
must include information on the sampling and 
analytical procedures applied, the security of the 
sample storage and the modifying factors (see 
Glossary; textbooks on mineral exploration and 
mine valuation provide much further detail, e.g. 
Australasian Institute of Mining and Metallurgy 2014; 
Bustillo Revuelta 2017) applied to resources for their 
conversion into reserves. JORC reporting obligations 
(Australian Institute of Geoscientists, AusIMM 
Mineral Institute, Minerals Council of Australia (JORC) 
2012) are of a more limited scope. Furthermore, it 
leaves reporting companies the choice to exclude 
from their disclosure some commercially sensitive 
information, replacing such information with 
“summary information (for example the methodology 
used to determine economic assumptions where 
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the numerical values of those assumptions are 
commercially sensitive) and context for the purpose 
of informing investors or potential investors and 
their advisers” (Australian Institute of Geoscientists, 
AusIMM Mineral Institute, Minerals Council of 
Australia (JORC) 2012). Consequently, the data and 
information available from JORC-compliant reports 
are frequently of a much more summary nature than 
in NI 43-101-compliant reports.

	z At the global level, the United Nations Economic 
Commission for Europe (2019a, 2019b) has 
developed a unified, harmonized, multilingual 
resources and reserves reporting framework. It 
was initially developed to allow governments to 
gain a harmonized overview of national oil and gas 
resources and reserves. This framework is being 
extended to mineral resources to produce the United 
Nations Framework Classification for Resources 
(UNFC) United Nations Economic Commission for 
Europe (2019a, 2019b)) and work is in progress 
to develop its full compatibility with the CRIRSCO 
Reporting Template (CRIRSCO 2024). The CRIRSCO 
Reporting Template provides guidelines for countries 
developing their national reporting standards for 
public reporting on mineral exploration projects, up to 
the completed feasibility study, including resources 
and reserves reporting. UNFC has thus far provided 
a convenient tool to governments wanting to have 
a unified system to document their resources and 
reserves. The African Union has developed the African 
Minerals Resources and Energy Classification System 
(AMREC) based on UNFC; and an example of the 
use of UNFC at the national level is provided by the 
Geological Survey of Finland (Michaux 2021). UNFC 
is not used by the mining industry for reporting 
purposes, and it is not a mandatory reporting 
framework. So far, when compared to the NI 43-101 
or JORC national reporting standards, UNFC has had 
little impact on the development of publicly available 
information and data on mining projects.

	z Despite the progress made so far, efforts to link 
existing best practices in transparency and public 
disclosure would much benefit from effective 
support from the governments and industry of all the 
important mineral-producing countries that re lagging 
behind in the development of transparency and public 
disclosure on exploration and mining activities. China, 
in particular, as the world’s most important minerals- 
and metals-producing country, would be well placed 
to take the lead in this respect. 

	z Where disclosure does take place, the quality of the 
reports, whatever the reporting format being used, 
is highly dependent on the intents of the reporting 
company and the competences of the parties involved 
in the preparation of these reports. There remains 
much scope to improve and standardize feasibility 
studies, according to McKinsey (Dussud et al. 2019), 
who notes that more rigorous feasibility studies “help 
to prevent cost and schedule overruns and maximize 
value”. Depending on how external stakeholders, 
especially communities that are likely to be impacted 
by a future operation, are associated in a transparent, 
auditable manner at all stages (figure 5.5) leading to 
the preparation of a feasibility study, the process is 
critical to developing trust among stakeholders, with 
significant potential to facilitate the obtention by the 
informal, but vitally important sustainable development 
licence to operate project (IRP 2020a).

5.2.9.2 Progress related to public reporting 
of the environmental, social and governance 
performance of minerals and metals production 
activities.

In parallel to the development, for companies publicly 
listed on some major stock markets (essentially the 
Toronto Stock Exchange and the Australian Securities 
Exchange), of codified, mandatory reporting on mineral 
exploration activities, environmental, social and 
governance reporting has developed over the same 
period, with close to 90 voluntary initiatives worldwide 
seeking to promote the transparency and accountability 
of minerals and metals production activities (IRP 2020a). 
However, none of these initiatives, either developed by 
some part of the minerals and metals industry or some 
non-governmental organizations, addresses the need for 
standardized, transparent, operation-level reporting of 
environmental, social and governance-related aspects, 
along with economic performance. 
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The United Nations Environment Programme (UNEP) 
(2020) in its report on Sustainability Reporting 
in the Mining Sector notes: “The management of 
environmental and social aspects, and sustainability 
reporting of mining companies, is currently not meeting 
the expectations of interested stakeholders, notably 
communities affected by mining operations and 
investors. In general, governments have not specifically 
targeted sustainability reporting of the mining sector, 
but the sector often falls under wider policies, including 
regulations that address sustainability reporting of large 
or publicly listed companies”. 

Despite all the good intentions of the mining companies 
that supported the Mining, Minerals and Sustainable 
Development project 20 years ago, much remains to 
be done to bridge the wide gap remaining between the 
recommendations laid out in Breaking New Ground, 
the final report of the Mining, Minerals and Sustainable 
Development Project (Mining, Minerals and Sustainable 
Development 2002) and the achievements so far. The 
Global Reporting Initiative is currently the most widely 
used voluntary environmental, social and governance 
performance reporting standards framework (Global 
Reporting Initiative 2022a) used by an unspecified, but 
probably significant number of mining companies listed 
on the stock markets of OECD countries. 

The Responsible Mining Foundation (2022), discussing the 
Global Reporting Initiative, notes important shortcomings 
in the standards-based environmental, social and 
governance reporting of the Initiative: “The fundamental 
problem in the GRI [Global Reporting Initiative] framework 
is the fact that it relies on reporting companies selecting 
which issues to report on. The only information required 
for a sustainability report to be in accordance with GRI 
are general disclosures on governance and corporate 
organisational matters, with very little ESG [environmental, 
social and governance] substance.” And “In addition, the 
kinds of data requested by the GRI framework are of little 
meaning in indicating companies’ ESG impacts on the 
ground. The problems in this respect include the following:

	z Aggregate statistics: Quantitative indicators focus 
on statistics aggregated to a company or regional 
level, with no mine-site-level reporting requested. 
On water discharges for example, companies 
are asked to report company-level consolidated 
data on the total aggregate levels of pollution 
parameters in their water discharges, and on local 
procurement, company-wide aggregate spend on 
local procurement is the required information.

	z Relative data: Some GRI indicators require only 
rates rather than absolute figures. This is the case, 
for example, with injuries and occupational disease, 
which are reported as fractions of total hours worked.

	z Lack of contextual data: GRI indicators rarely require 
statistics to be accompanied by information to put 
the figures into context. So for example, companies 
are asked to report the number of environmental 
incidents but not with any details such as the location 
and severity of these events.”

In 2020, the IRP report Mineral Resource Governance 
in the 21st Century depicted a fragmented landscape 
of environmental, social and governance practices and 
reporting, with close to 90 different initiatives aimed 
at documenting certain environmental, social and 
governance-related aspects of minerals and metals 
production projects (Chapter 7, IRP 2020a).

In October 2021, at the 26th United Nations Climate 
Change Conference of the Parties (COP26), the 
International Financial Reporting Standards Forum 
introduced the International Sustainability Standards 
Board. Its objective is to develop, in the public interest, 
high-quality, understandable, enforceable, and globally 
accepted sustainability reporting standards (International 
Financial Reporting Standards Foundation 2021). These 
standards will complement the existing International 
Financial Reporting Standards that have widely replaced 
national accounting standards, with the important 
exception of the United States of America where the 
national Generally Accepted Accounting Principles 
remains the mandatory reporting standard. The 
International Sustainability Standards Board and Global 
Reporting Initiative are seeking to coordinate their work 
programmes and standard-setting activities (Global 
Reporting Initiative 2022b). It will take years before the 
impact of this initiative on global environmental, social 
and governance reporting practices and quality will be 
measurable.

inEthos Design © Shutterstock
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The road towards transparency and accountability 
remains steep and winding. It is critical to build trust 
among stakeholders to enable the further rise of 
transition minerals production needed to meet clean 
energy transition goals (International Energy Agency 
2021, International Renewable Energy Agency 2022). 
There is much that industry, governments and the 
finance industry could and should urgently do, in 
a globally coordinated effort, to progress towards 
transparency and environmental, social and governance 
accountability at the operational level. The current 
developments are contrasted.

On the negative side:

	z Political regimes, based on national myths and 
massive disinformation, and the risks of global 
international confrontation, are on the rise, and may 
further develop in the coming years as nationalist 
dystopian narratives provide the illusion of easy 
solutions to complex problems.

	z The Global Reporting Initiative no longer provides 
transparency on the progress of environmental, social 
and governance reporting by the minerals and metals 
industry. Up to 2013/14, it provided free access 
to a database recording the environmental, social 
and governance reporting of individual companies 
under the Initiative, rating their compliance level to 
the reporting standard of the Initiative (then named 
“Guidelines”) and stating whether the environmental, 
social and governance report for each listed company 
was externally audited. The Global Reporting 
Initiative then introduced a paywall, only providing 
a list of companies quoting the Initiative in their 
environmental, social and governance reports. As at 
2022, the Initiative does not provide information on 
the use of its standards by individual companies.

	z In an effort to develop the much-needed site-level 
transparency, the Responsible Mining Foundation,98 
a Switzerland-based non-governmental 
organization, has been developing a unique 
methodology to develop site level environmental, 
social and governance reporting since 2012 
(Responsible Mining Foundation 2022b), with a 
wide set of indicators that offer the most detailed 
environmental, social and governance relevant 
indicator set on mining activities to date. As at 2022, 
based on publicly available data and additional 

98	 https://www.responsibleminingfoundation.org/.
99	 https://responsiblemining.net/.

data contributed by companies, it could provide 
site-specific data and analysis on 40 assessed 
companies and 250 mine sites in 83 countries 
around the world (RMI Report 2022, Responsible 
Mining Foundation 2022c, individual mine site 
and company specific reports are accessible at: 
https://www.responsibleminingfoundation.org/
rmi-report-2022/). On 6 April 2022, the Foundation 
reported (Responsible Mining Foundation 2022b) 
that it would close and cease its activities owing to 
a lack of independent long-term co-funding, with 
the Foundation declining to accept industry-related 
contributions.

	z At the 2021 Roundup Conference of the Association 
for Mineral Exploration of British Columbia, Robert 
Friedland, the billionaire founder and Chair of Ivanhoe 
Capital, and one of the world’s best-known and most 
influential mining industry financiers, highlighted 
the central importance of environmental, social and 
governance performance to meeting the challenges 
of the minerals and metals demand arising from the 
low-carbon energy transition (Ivanhoe Mines 2021).

On the positive side, some initiatives are developing with 
a potential for global reach if they receive support from 
all stakeholders, with the commitment of governments, 
industry and investors playing a central role in their 
ongoing development and success:

	z In 2006, the Initiative for Responsible Mining 
Assurance was launched by a coalition of non-
governmental organizations, minerals and metals 
traders, representatives from some communities 
impacted by mining companies, labour unions and 
mining companies.99 In 2018, the Initiative published 
the first version of its Standard for Responsible 
Mining (Initiative for Responsible Mining 2018), 
which details a number of important requirements 
for any company volunteering to seek auditing and 
certification from the Initiative:

	| The need to acquire environmental and social 
baseline data (Section 2.1.4.1 of the Standard) 
as part of the Environmental and Social Impact 
Assessment preparation process;

	| The need to geochemically and mineralogically 
characterize any solid waste streams (section 
4.1.3).
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The Initiative for Responsible Mining Assurance 
proposes companies to be audited on a voluntary basis 
against the Standard for Responsible Mining, with a 
choice between a self-assessment and an independent 
auditing process. Audit reports are made public. As 
at August 2023, 15 mine sites in Africa and in Central 
and Latin America are at various stages of progress in 
obtaining certification from the Initiative. The certification 
states the level of compliance of the audited operation 
with the Standard.

	z In early 2023, the Church of England, an important 
global institutional investor, launched the Global 
Investor Commission on Mining 2030 initiative, which 
it defines as “a collaborative investor-led initiative”, that 
“recognises the mining industry’s important role in the 
transition to a low carbon economy, and considers 
key systemic issues faced by the mining sector that 
currently challenge, or could challenge, existing good 
practice and the sector’s social licence to operate”. 

100 Such an action, if it attracts sufficient participation 
from other important institutional investors could lead 
to significant progress regarding the transparency, 
accountability and environmental, social and 
governance practices of the global mining industry.

100	 https://mining2030.org/.
101	 Data source: https://www.tsx.com/listings/current-market-statistics/mig-archives.

Transparency and accountability are not in contradiction 
with legitimate business interests. On the contrary, 
in a world where, thanks to the Internet, millions of 
people and organizations can actively spread data and 
information in real-time across the world, transparency 
and real environmental, social and governance 
accountability are in the best interests of industry and 
its investors. The example of the Canadian NI 43-101 
reporting standard shows that reporting obligations 
do not deter investment in mineral exploration. On 31 
December 2011, the Toronto Stock Exchange listed 
1,646 mining companies, mostly junior exploration 
companies, on its TSX and TSX-V markets, with a total 
of about Can$ 427 billion market value. About 10 years 
later, on 31 March 2022, this number had declined to 
1,162 companies, but with a higher total market value 
(Can$ 668 billion, equivalent to US$ 501 billion).101 The 
reduction in the number of listed companies rather 
reflects the reduction in mineral exploration budgets 
observed since 2012, the record year for mineral 
exploration investments, rather than companies trying 
to escape reporting obligations through delisting. The 
market value increase probably reflects a better average 
profitability of mining companies and a greater appetite of 
investors for mining-related investment.

5.3 FINANCING NEEDS AND THE ROLES 
OF PUBLIC FUNDING AND OF INVESTORS

Several forms of financing are needed to support 
responsible minerals and metals production activities 
that support sustainable development.

Public financing is needed for activities with a gold 
background colour on figure 5.5, while activities with 
a green background are mostly financed by investors, 
which in market economies are essentially private. 

Some activities are shown with a combined gold and 
green background, meaning that in market-oriented 
countries where governments strongly promote the 
local minerals and metals industry, some activities that 
are usually left to investors, such as mineral exploration 
and the acquisition of environmental and social baseline 
data, are sometimes partly or totally taken on by public 
authorities using their financing resources. Miha Creative © Shutterstock
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5.3.1 Key economic parameters 
of industrial-scale mining projects 

In market-oriented countries, investors mostly make their 
decisions based on definitive feasibility studies. They 
are also called bankable feasibility studies, as banks and 
other investors require them as a key element to inform 
their decision-making processes. Most investors are 
likely to examine an investment opportunity in relation 
to the risks and of the potential economic returns. They 
are also likely to compare the opportunity to invest in a 
mining project with other investment opportunities.

Investors need as much reliable data and information 
as possible to evaluate the merits and the risks of 
any specific mining project investment proposal. This 
evaluation process is described in detail in several 
handbooks on mineral economics (e.g. Darling 2011; 
Wellmer et al. 2011; Rudenno 2012; Buchanan 2015; 
Halland et al. 2015; Queen’s University 2022). The 
Canadian Institute of Mining, Metallurgy and Petroleum 
(2014) provides authoritative definitions of the key 
expressions used for the evaluation of mining projects, 
such as “resource”, “reserve”, “modifying factor” and “pre-
feasibility” and “feasibility” studies. These definitions are 
used in the Canadian NI 43-101 Standards of Disclosure 
for Mineral Projects, which are applicable to the projects 
of the companies listed on the Toronto Stock Exchange. 
Comparable definitions are also used in the other 
national reporting codes listed by CRIRSCO. 

This section only highlights some key economic aspects 
of mining projects. Textbooks such as those of (Gocht 
et al. 1988), Wellmer et al. (2008), Darling (2011), 
Rudenno (2012) and Jones et al. (2019) provide in-depth 
introductions to mineral economics and project valuation.

This section is based on the analysis of data related to 
835 public feasibility studies, published over 20 years, 
between October 2001 and October 2022, compiled by 
S&P Global Market Intelligence, a commercial information 
service on the global mining industry.102 The detail of the 
economic data available for individual projects is variable, 
as reflected below by the numbers of studies that could 
be used to calculate the average and median values 
mentioned. The S&P database only includes industrial-
scale projects. Artisanal and small-scale mining activities 
generally do not report on their activities. In the event that 
several successive feasibility studies were performed 
for the same project, only the most recent version was 
considered. This database served for the production of 
Tables 5.2, 5.3, 5.4 and 5.5 below.

102	 https://www.spglobal.com/marketintelligence/en/campaigns/metals-mining.

The treatment of mining finances that follows does not 
include any need to pay taxes and royalties owing to the 
host government, an issue that was discussed in some 
detail in Chapter 2 in relation to South America. These 
requirements differ greatly from country to country and 
will not be addressed further here.

5.3.1.1 Initial capital expenditure

Initial capital expenditure is the upfront capital needed to 
start production at a new facility and comprises all fixed 
expenditures (capital items) needed to start production 
activities. Additional capital, known as sustaining 
capital, may also be needed by some projects to finance 
later production expansions or the acquisition of new 
capital items. This section only discusses initial capital 
requirements. 

The initial capital needed to start production at a new 
mine is extremely variable. It depends on the size of the 
reserves that will be mined, the production rate, and the 
complexity of the technologies and equipment needed 
to mine and process the extracted minerals up to a 
stage where they will meet the criteria to be marketable. 
The processing of most minerals will require some form 
of plant, and in the case of metals production it may 
include the construction of a smelter and a metal(s) 
refinery. Otherwise, ore or concentrates will have to 
be transported, sometimes over many thousands 
of kilometers, to such facilities. Projects to produce 
metals in large tonnages are the most capital-intensive 
for copper projects, as shown in table 5.1: Each of 
the world’s 20 largest currently undeveloped copper 
projects have an initial capital expenditure requirement 
of over US$1 billion.

The initial capital expenditure requirement will also depend 
on the need for auxiliary facilities such as storage facilities 
for chemicals, explosives, fuels and water, the need for 
an on-site explosives production plant, an equipment 
maintenance facility, energy and water supply and 
sanitation, waste storage facilities, access roads, housing 
and recreational facilities. In some cases, such as the 
giant Simandou ore deposit in Guinea, a deep-sea harbour 
will need to be constructed to transport the ore to the 
customers’ steel plants, as well as a 650 km railway line to 
connect the mining area with the harbour area.
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In the case of artisanal and small-scale mining 
operations, capital expenditure can be limited to the 
purchase of some picks and shovels needed to start 
digging and to some steel pans for concentrating native 
gold grains or other high-density minerals, such as 
colombo-tantalite (the main tantalum ore). Finance for 
artisanal and small-scale mining operations is discussed 
in Chapter 7 and is not discussed further here.

The S&P database provides capital expenditure figures 
in nominal United States dollars for 659 feasibility 
studies. Capital expenditure requirements vary from 
US$0.35 million to over US$18,000 million. 

The average capital expenditure value of this dataset is 
US$689 million, and its median value is US$185 million. 

5.3.1.2 Discounted cash flow analysis, 
discounting rates and net present value

By far the most widespread economic valuation method 
for a mine project is the discounted cash flow analysis 
method. In feasibility studies it is the economic summary 
of the project. Based on the reserves calculation and on 
the modifying factors, it takes into account the value of 
money over time by estimating future annual production 
value and cost over the lifetime of the productive activities.

In feasibility studies, an annual cash-flow is, for a given 
year, the difference between the income before interest, 
taxes, depreciation and amortization minus all operating 
costs. This defines the operating profit.

For metals, the operating income is the net smelter 
return perceived by a company, not the market price 
of the metal(s) contained in the ore. Using copper as 
an example, the market cash price of copper on 24 
November 2023 was US$8,295 per metric ton. The 
operating income of a mining company would be that 
copper price minus the cost of transporting the ore 
concentrate it produced to a smelter, as well as the costs 
of smelting the concentrate and refining the metal(s) 
contained in the ore. Any credits paid by the smelter 
to the mining company for the co- or by-products103 
contained in the ore will increase the net smelter return.

103	 See Glossary for a definition of these terms.
104	 Queen’s University. (2022). Discounted Cash Flow Analysis - Methodology and discount rates. Online article, with the link now discontinued.

The discounted cash flow analysis is performed in 
annual increments, from initial production up to mine 
closure, over the full life of the mine. The discounted 
cash flow analysis is a core component of pre-feasibility 
and feasibility studies compliant with national reporting 
standards such as NI 43-101 or the JORC Code. To 
perform a discounted cash flow analysis, the prior 
determination of a deposit’s indicated and measured 
resources and reserves is necessary. Resource modelling 
nowadays relies on computer-assisted three-dimensional 
digital modelling of the ore body, itself widely based on 
observations and multi-element analysis of drill-hole 
cores, and geostatistical, probabilistic interpolation 
of the observed data. The three-dimensional digital 
representation of the geology and mineralization grades 
is the basis for the application of the modifying factors, 
the process by which a resource becomes a reserve. 

Consequently, reserves vary over time, especially 
depending on changes in economic factors such as 
demand, the market prices of the mineral(s) or metal(s) 
produced and the cost of the inputs needed (energy, 
chemicals – including explosives – and water), transport, 
metallurgical and refining processes (in the case of 
metals production), as well as of waste disposal and 
management.

Pre-feasibility studies will normally consider several 
scenarios, assuming different sets of modifying factors, 
especially minerals and metals prices and demand, 
throughout the life of the mine, and identifying the 
economic sensitivity of the project to these variations. 
During the feasibility study stage, the most credible 
scenario (baseline scenario) will then be selected and 
assessed in detail to determine a few key economic 
parameters, including risks, that will inform potential 
investors about the potential economic returns that 
the project is anticipated to deliver over the life of the 
mine. According to the Queen’s University Mine Wiki104, 
a feasibility study should include a cost estimate (initial 
capital cost and operating cost estimates) of accuracy 
in the order of +/- 10 per cent to 20 per cent and it may 
comprise a contingencies provision of +/- 15 per cent.
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Discounted cash flow analyses are normally performed 
in two separate stages:

	z The pre-tax discounted cash flow analysis only 
considers direct operating costs, excluding interest 
paid on loans received, taxes and royalties paid to 
public authorities, and financial provisions made for 
amortization and depreciation of capital equipment.

	z The post-tax discounted cash flow analysis, which 
includes interest paid, taxation, depreciation and 
amortization.

The discounted cash flow analysis performed during 
the feasibility study requires the definition of a discount 
rate that reflects the risk perception by the top 
management of the company that is developing the 
project. These risks are then compared to an investment 
in a supposedly risk-free investment vehicle, under no-
inflation conditions (Park and Matunhire 2011). The most 
common “risk-free”105 investment used for the purpose 
of this comparison is the Treasury Bonds of the United 
States of America. The selection of the discount rate 
directly impacts a project’s net present value, which is 
the sum of the discounted annual cash-flows over the 
project’s full life of the mine, as defined above. 

The net present value of a project is defined as follows:

Rtn

t=0
(1+d)tƩNPV =

105	 “Risk free” is put in double quotation marks as it relates to sovereign bonds that may also prove to be risky assets in view of the high public 
debt/gross domestic product ratios in many OECD countries, in the event of a major systemic financial crisis. 	

Where:

	z Rt is the net cash inflow or outflow during a single 
year.

	z d is the constant discount rate applied to the project.

	z t is the several years between the initial capital 
investment and the mine closure (assuming that no 
further cash-flows will occur after the mine closure). 

The choice of discount rate by a project proponent is a 
delicate balancing act, based on the assessment of the 
project-specific risks. Park and Matunhire (2011) provide 
a calculation example for the Ambatovy nickel mine 
(Madagascar). For the same series of future cash-flows, 
the higher the discount rate, the lower the net present 
value of the project. While offering a better economic 
protection against risks, a high discount rate may reduce 
a project’s attractiveness to investors. 

Examples of the present values of annual US$1,000 
cash flows over time, using different discount rates, 
are given in table 5.2, showing the much lower value of 
distant cash flows compared to the cash-flows in early 
production years.

From an economic point of view, the cash flow generated 
during the first few production years matters much more 
than cash flows generated many years after production 
starts. The consequences of this will be further 
discussed under “payback period” (Section 3.1.4).

Table 5.2: Calculation of the net present value of annual future positive US$1,000 cash flows, using different 
discount rates
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2 907 890 873 857 842 826

3 864 840 816 794 772 751

(…) (…) (…) (…) (…) (…) (…)

10 614 558 508 463 422 386

20 377 312 258 215 178 149

30 231 174 131 99 75 57

40 142 97 67 46 32 22

Source: Authors 
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The S&P database mentioned above provides the base 
discounting rate applied in 535 feasibility studies. The 
average applied discount rate was 7.56 per cent, a rate 
quite comparable to the 7.18 per cent average observed 
by Ovalle (2020) among only 100 projects. 

Figure 5.12 provides the Pareto distribution diagram of 
this dataset. The x-axis provides ranges of discount rates 
applied to the project. The first bar therefore means that 
226 projects had a discount rate of between 7.5 per cent 
and 8.8 per cent.

About 69 per cent of the 535 projects have a discount 
rate ranging from 7 per cent to 10 per cent. The effects of 
the recent return of inflation and the related interest rate 
increases by central banks, especially the United States 
Treasury, cannot be measured yet, but they may trigger a 
rise in the discount rates applied to mining projects. 

An analysis of the average discount rates applied for 
projects in different world regions with a sufficient 
number of published feasibility studies to be statistically 
significant (n >20) shows no major regional differences 
in the discount rates applied (table 5.3), with projects in 
North America and South America having discount rates 
only about 1 per cent lower than those for projects in 
Europe, the Asia and the Pacific region and Africa.

Figure 5.12: Pareto frequency analysis of the discount 
rates applied to 535 individual mining projects, 
as stated in their feasibility studies
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Data derived from the S&P database.

Table 5.3: Average discount rates applied to projects in 
different world regions

Region Average discount 
rate (per cent)

Number 
of feasibility 

reports with data

Africa  7.7 147

Asia and the Pacific  8.1 165

Europe (including the 27 
member States 
of the European Union)

 7.6 51

European Union  7.6 25

Latin America  6.8 114

North America  6.9 174

Source: Authors 

Data derived from the S&P database.

5.3.1.3. Internal rate of return

The internal rate of return, as calculated in the feasibility 
study, provides investors with an estimate of the future 
profitability of their investment, and is therefore an 
important metric for evaluating the attractiveness of new 
minerals and metals projects. Together with the discount 
rate and the net present value, it allows investors to 
estimate the returns they may obtain against the risks 
they are taking.

The internal rate of return of a project is the discount rate 
at which the net present value of all annual cash flows 
will be zero. 

It is defined as follows:

Rtn

t=0
(1+IRR)tƩNPV = = 0

Where:

	z Rt is the net cash inflow or outflow during a single 
year.

	z IRR is the constant internal rate of return applied to 
the project, over the life of the mine.

	z n is the number of years between the initial capital 
investment and the mine closure (considering that no 
further cash flows will occur after the mine closure). 
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As stated above, cash-flows can be calculated “pre-tax” 
or “post-tax”. This of course impacts the calculation of 
the internal rate of return. The database includes 211 
projects with pre-tax and post-tax figures from feasibility 
studies prepared in compliance with one of the CRIRSCO-
compliant national reporting standards. On average, their 
pre-tax internal rate of return is 59.2 per cent, while the 
average post-tax internal rate of return is 48.9 per cent. 
Median values for the internal rate of return are 36.5 per 
cent and 29 per cent respectively. Some 44 projects (21 
per cent of the projects for which both internal rate of 
return values were available) have a post-tax internal rate 
of return below 20 per cent.

The analysis of the average internal rates of return applied 
for the projects in world regions with sufficient published 
feasibility studies to be statistically significant (n >20), 
shows some regional differences in the average internal 
rates of return (table 5.4). These differences could be 
the result of several factors. For instance, the attractive 
average internal rate of return of 61 per cent for the 145 
projects in the Asia and the Pacific region is likely to 
reflect the fact that 121 (83 per cent) of these projects 
are in Australia, a country with excellent infrastructure 
and a specialized workforce, as well as a well-developed 
institutional framework and a long track record of mining 
and metallurgical activities. The explanatory factor for 
the high average internal rate of return of Africa (48 per 
cent) probably relates to the quality of the resources and 
reserves of projects being developed in the continent, as 
its geological resources are still widely underexplored and 
thus underexploited, making it a world region where major 
discoveries of near-surface, or outcropping, high-grade 
mineral deposits are still possible.

Table 5.4: The average internal rate of return of mining 
projects, by world regions

Region Average internal 
rate of return (%)

Africa  48 

Asia and the Pacific  61 

Europe (including the 27 member States 
of the European Union)  35 

European Union  35 

Latin America  39 

North America  39

Source: Authors 

Data derived from the S&P database.

5.3.1.4 Payback period

The payback period, expressed in years, is the time 
needed to recover the initial capital investment. This 
period is the one where an investment is extremely 
vulnerable to the materialization of risks, whether 
foreseen or not, as the viability of the operation may be 
called into question. Investors are therefore favouring 
projects with payback periods as short as possible. 

The anticipated payback period of new projects is 
documented in their feasibility reports. Actual payback 
times may differ by some additional years, because 
of technical difficulties requiring complex operational 
procedures, processes or equipment adjustments 
during the production ramp-up stage (the period running 
from the start of production to the moment where the 
production will meet the nameplate capacity stated in the 
feasibility study).

This has consequences on mining practices, as well as 
on the revenue that governments may earn during the 
early years of a new operation. These consequences are 
further compounded by the logic of discounted cash 
flow analysis, especially in the cases where the discount 
rate is at the higher end (8 per cent and over) of the 
range mostly applied for minerals and metals production 
projects: the economic logic pushes operators to 
maximize positive cash-flows in the early production 
years. This can lead to mining the higher-grade parts of 
a deposit, leading to downgrading the economic value of 
remaining reserves, a practice known as high-grading. 
This may compromise the long-term viability of the 
operations, for instance in case of a decline of the market 
price of the produced mineral(s) and metal(s) prices. 

Governments, hoping to promote new employment 
opportunities and to earn revenue from minerals and 
metals production activities, may provide new operations 
with tax holidays, contributing to maximizing the positive 
cash-flows during the early years of production. This 
may aggravate the risk of high-grading or lead to abusive 
transfer pricing (Readhead 2018), and from there to 
taxation base erosion. Companies may be tempted to 
increase their production as much as possible during the 
tax holiday period, depriving governments of potentially 
substantial later income.

The analysis of the average anticipated payback time of 
the projects in world regions with sufficient published 
feasibility studies to be statistically significant (n >20) 
shows no significant regional differences in average 
payback times (table 5.5), which average about three 
years in every region.
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Table 5.5: Average payback times of projects, by world 
regions

Region Average payback 
time (years)

Africa  3.1 

Asia and the Pacific  2.7 

Europe (including the 27 member States 
of the European Union)  3.5 

European Union  3.5 

Latin America  3.4 

North America  3.6

Source: Authors 

Data derived from the S&P database.

5.3.1.5 Conclusions on the key economic 
parameters of industrial-scale mining projects

In conclusion, as a rule of thumb, projects that, after 
applying a 7 per cent to 10 per cent discounting factor, 
have a post-tax internal rate of return of less than 30 per 
cent and a payback time of more than three years have 
reduced chances of securing their capital expenditure 
financing, with the investment decision also dependent 
on the existence of country- or project-specific risks (see 
Appendix 5).

While there are no specific rules defining which minimum 
parameters are to be met by a project to secure the 
funding of its initial capital expenditure requirement, 
investors are likely to be selective in their decisions, 
making the funding of large-scale mining projects in 
countries exhibiting political instability, poor governance 
or weak institutional capacities a process that can delay 
the commissioning of new mines for many years.

106	 http://www.worldgovernmentbonds.com/bond-historical-data/united-states/10-years/.
107	 https://tradingeconomics.com/united-states/inflation-cpi.

5.3.2 Global inflation and the economic 
performance of China create uncertainty 
for the global minerals and metals 
industry.

The coronavirus disease (COVID-19) crisis, the vigorous 
rebound of the world economy after two years of 
COVID-19 crisis, and the war in Ukraine have created 
considerable global economic uncertainty and a rapid 
rise in energy prices and metal prices. The increase in 
inflation and interest rates in 2022–2023 caused yields 
on United States 10-year Treasury Bonds yields to 
increase to 4.016 per cent on 29 October 2022,106 a level 
not seen since the 2008 financial crisis. At the same 
time, the inflation (United States Consumer Price Index) 
rate in the United States of America was 8.2 per cent 
year-on-year for September 2022, according to Trading 
Economics,107 with further hikes in T-Bond yields likely. In 
the Eurozone area, inflation reached 10 per cent. In the 
first quarter of 2023, the GDP growth rate of China was 
4.5 per cent, according to the Chinese National Bureau of 
Statistics, well below the two-digit growth rate observed 
before the COVID-19 crisis. This reduced growth rate has 
a negative impact on the minerals and metals demand 
of China, and from there on the world economy as China 
is the world’s largest producer of many minerals and 
metals (see figure 1.3 and table 1.1 in Chapter 1).

Such developments may discourage investment in 
exploration of minerals and metallic ores and in the 
commissioning of new production facilities worldwide, 
especially owing to the higher cost of capital. This would 
reduce the chances of meeting the levels of demand 
for the minerals and metals needed to achieve the 
global low-carbon energy transition goals, as outlined in 
scenarios published by Hund et al. (World Bank) (2020), 
the International Energy Agency (2021), the German Raw 
Materials Agency (Marscheider et al. 2021), the Geological 
Survey of Finland (Michaux 2021) and Watari et al. (2020) 
(see Introduction and Chapter 1 for examples). 

Mining companies will face higher capital costs, owing 
to likely increases of the price of equipment, and 
increases in their production costs, particularly the cost 
of the fossil fuels still predominantly used in the mining 
industry. Moreover, the increase in sovereign bond yields, 
if it lasts, will make investment in mining projects less 
attractive to investors, as the difference between the 
yield of “no-risk” of United States Treasury Bonds and 
the discount rates applied to risky minerals and metals 
production projects declines.

Jason Benz Bennee © Shutterstock
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5.3.3 Financing requirements specific 
to the minerals and metals industry 
development

In any jurisdiction where the minerals and metals 
industry is properly developed, or seen as a development 
objective, specific financing is needed for four different 
categories of interrelated activities, which are detailed in 
subsections 3.3 to 3.6:

1.	 Public funding is needed for the development of 
the public geoscientific database to co-fund the 
acquisition of baseline environmental and social 
data in areas with high mineral potential and to 
develop the institutional framework for all other 
activities needed to develop, implement, manage 
and evaluate the specific framework conditions 
(see box in the right corner of figure 5.5) under 
which mining and metallurgical operations will 
operate in a specific jurisdiction. This activity is 
the first step in mineral exploration (Stage 1 in 
figure 5.5 and table 5.6), whereas baseline data 
acquisition may continue up to the feasibility study 
(Stage 4).

2.	 Mostly private funding is needed for the 
exploration activities (Stages 2 to 4 in figure 5.5 
and table 5.6).

3.	 Mostly private funding of the initial capital 
expenditure is needed for mine development and 
other production activities, such as ore-processing 
or metallurgical facilities (Stages 6 to 8 in figure 5.5 
and table 5.6). 

4.	 Public funding is also likely to be needed to monitor 
and manage old, derelict mining sites, after the 
end of mining activities once the areas leased by 
the State for these activities are handed back to 
the State (Stage 9 in figure 5.5 and table 5.6). In 
the event of problems occurring during the post-
mine closure stage (see Section 5.3.6), recurring 
annual public funding will be needed, potentially for 
centuries and more, for the assessment of derelict 
facilities (one-off cost item) and any possibly 
needed monitoring or control activities of high-risk 
or high-potential impact areas. Funding may also be 
needed for remediation or ground or tailing dams 
stabilization works. This can put a high burden on 
public budgets, as shown by the extreme Giant Mine 
example, p. 18, and can be problematic in countries 
and regions with limited budgetary resources and 
many other needs to address. 

Aussie Family Living © Shutterstock
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Table 5.6: Main stages of a mining project, with average cost and duration estimates of individual stages

Stage Activity Stage in 
figure 5.5

Government 
approval Cost estimate ($) Typical duration

M
in

er
al

 e
xp

lo
ra

tio
n

Geological 
infrastructure

Regional air- borne geophysics, 
geochemistry, and geological 
surveys

1 10–100/km2 10–20 years, 
national program 
cycles

Mineral resource 
assessment

Regional data inte- gration, ore 
deposit modeling, prospectivity 
assessment

1 10–20 years, 
national program 
cycles

Reconnaissance Semi-regional airborne and 
ground surveys to identify targets

2 0.5–2 million 1–3 years

Exploration Drilling, trenching, surface and 
down-the-hole geophysics, 
detailed geological mapping 
and geochemistry, sampling and 
analysis. 3D orebody modelling, 
Environmental and social 
baseline data acquisition

2 Exploration 
permit/license, 
Exploration 
ESIA

0.1–50 million 1–10 years

Advanced 
exploration

Drilling, pilot ore processing and 
metallurgical tests, geotechnical 
studies, prefeasibility study

3 0.5 to 2.0 per cent of the initial 
Capital Expenditure (Queens 
University, 2022), including 
supporting studies and test work.

M
in

e 
de

ve
lo

pm
en

t

Mine planning Feasibility and engineering 
studies, mine closure and post-
mine management plan, ESIA 
and ESMP

4 4.0 to 8.0 per cent of the initial 
Capital Expenditure (Queens 
University, 2022), including 
supporting studies and test work.

1–3 years 

Permitting Review of the feasibility study, 
of the ESIA and ESMP by the 
authorities. May include public 
consultations and lead to the 
request for additional studies.

5 Mining license; 
ESIA and others 
(for example, 
water permits)

Cost depends on the nature of 
requested additional studies.

0.5 to sometimes 
10 years and 
more, in case of 
environmental 
and social issues/
conflicts

Construction Infrastructure and mine 
development, processing and 
auxiliary facilities construction

6 50 million–15 billion  1–5 years

M
in

e 
op

er
at

io
n Mining Ore production (open pit, 

underground, or alluvial mining)
7 10–100 years

M
in

e 
cl

os
ur

e Closure Final closure and 
decomissioning

8 Release 
of license

1–50 million 1–5 years

Post-closure Monitoring/occasional 
observation and maintenance

9 0.1–0.5 million/year   Perpetuity

Source: Authors, adaptation of an original work by the World Bank (Halland et al. (2015), table 4.1 in Chapter 2). Views and opinions expressed in 
the adaptation are the sole responsibility of the authors of the adaptation and are not endorsed by the World Bank.

5.3.4 Public financing of the institutional 
framework

Countries and governments engaged in the development 
of minerals and metals production activities need to 
develop and maintain the framework conditions (see 
figure 5.5) to turn their natural mineral capital into a 
source of sustainable development (Halland et al. 2015; 
IRP 2020b). To this end, a framework comprising several 
core institutional capacities is required:

	z A policymaking, legal framework and regulatory 
development and enforcement capacity to 
promote and regulate mineral exploration and 
all downstream minerals and metals production 
activities (mining directorate capacity). This 
specific capacity covers a wide range of activities, 
such as the preparation of a draft national policy 
statement on minerals and metals and any other 
sectoral policy document; the drafting of mining law 
proposals and related regulations; the allocation and 
management of exploration licences and mining 
permits (the latter based on a critical review of the 
documentation, including the feasibility studies and 
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any other mandatory documentation prepared by the 
companies applying for a mining permit); the capacity 
to negotiate with national and global investors 
and companies; the allocation of mining leases, 
the monitoring of minerals and metals production 
activities, particularly from a health and safety angle; 
the preparation and publication of statistics and of 
strategy and policy papers; and market analysis.

	z A geological survey capacity for the acquisition, 
processing, modelling, conservation and 
dissemination of the geoscientific digital data 
documenting a country’s subsurface and its related 
resources, such as minerals, energy (oil, gas, coal, 
radioactive elements, geothermal) and groundwater 
resources (and their three-dimensional temporal 
dynamics), as well as on-surface inventories (e.g. 
biodiversity). This inventory should also include the 
assessment of natural hazards such as ground 
instability, landslides, seismic and volcanic hazards 
and gas emissions (methane, carbon monoxide and 
carbon dioxide, radon). This data should be considered 
a public good (Bernknopf and Shapiro 2015) and be 
made available to all other authorities as a component 
of their own information systems, such as the public 
environmental information system. The public 
availability of digital georeferenced geoscientific data 
documenting a country or region’s mineral potential 
is a major asset to attract investment into mineral 
exploration (Otto 1995; Duke 2010). Public digital 
geoscientific data coverage of a sufficiently high 
resolution (geological, geochemical, alluvial sampling 
and geophysical data sets) is a powerful catalyst 
of private sector investment in mineral exploration. 
International data-sharing can foster trust, promote 
investment and shorten long project development lead 
times, helping to expand the existing supply expand 
the existing supply of mineral raw materials (Energy 
Transitions Commission 2023)Moreover, the capacity 
of a geological survey to keep highly specialized 
geoscientists in employment acts partially as a buffer 
against the “boom and bust” periods of mineral 
exploration (see figure 5.14), with the “bust” periods 
frequently leading to the dismissal of geoscientists 
and other scientific staff by exploration companies 
needing to cut their budgets. As expert knowledge is 
vital for the transformation of geoscientific data and 
field observations (including observations of cores 
recovered from drill holes) into an exploration success, 
specialized human resources are as important as 
advanced exploration technologies.

	z An environmental surveying and management 
capacity (environmental agency capacity). This is 
needed in support of environmental and sustainable 
development policymaking and legal framework 
development and enforcement: preparation of the draft 
national environmental and sustainable development 
strategy and any other sectoral policy documents; 
the drafting of environmental law and regulations; the 
allocation and management of environmental permits 
based on a critical review of the documentation 
submitted by mining projects, including baseline 
data, environmental and social impact assessments, 
management plans and feasibility studies; the 
allocation of mining leases, and the monitoring of 
minerals and metals production activities particularly 
from the environmental and social angles.

These core institutional capacities can be organized as 
components of a unique public institution or as separate 
institutions, with the most important points being the 
good coordination of their activities, an adequate and 
secure public funding of their activities and the technical 
competence of their human resources. 

The development of these institutional capacities 
requires recurring annual public funding to support 
the work of highly qualified and experienced human 
resources. This can be problematic in developing 
countries (low-income countries and lower middle-
income countries under the World Bank country 
classification by income level (Hamadeh et al. 2022)), 
with low budgets and high demands for better education, 
health or social services. In 2012, the Australian 
Geological Survey (Kay et al. 2013) published an 
assessment of the geological survey capacities from 71 
countries belonging to the African, Asian, Latin American 
and Pacific regions, with no information available for 23 
additional countries. Figure 5.13 provides a cartographic 
overview of this assessment at the country level. 

Pavel L Photo and Video © Shutterstock
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Figure 5.13: Geological survey capacities in the African, Central American, Latin American, Asian and Pacific regions
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Strong capacity to collect and disseminate 
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Legend  – Geological survey capacities
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Source: Authors, derived from Kay et al. (2013).

The capacities of many African geological surveys 
appear limited. In 2022, the budget of the whole Ministry 
of Mines of the Democratic Republic of the Congo was 
about US$16 million (Democratic Republic of the Congo 
2022), of which only an unspecified part funds the above-
described institutional framework. In 2020, the Democratic 
Republic of the Congo was Africa’s second largest 
minerals and metals producer by value. Reichl and Schatz 
(2022) assessed the value of its non-energy minerals 
production to be US$15.4 billion, of which only 0.1 per cent 
was allocated for the budget of the Ministry of Mines. 

In contrast, the United States of America, with a 2020 
non-energy mineral production value of US$26.7 billion, 
allocated US$86 million to its federal Mineral Resources 
Programme (0.56 per cent of the minerals and metals 
production value of the United States of America), 
operated by the United States Geological Survey. 
Additional resources to support the acquisition and 
dissemination of mineral resources data were allocated 
at the State level. This strong contrast reflects the fact 
that the Democratic Republic of the Congo is a low-
income country with a population of nearly 100 million 
people, most of whom are poor, with many pressing 
social and security issues, and with the eastern part 
of the country having been the theatre of the criminal 
operations of warlords for decades. 

In such a situation, a government is likely to allocate its 
modest resources to priorities other than funding the 
institutional framework needed by its booming mining 
industry.

Reedman et al.  (1998), analysing the activities, budgets 
and staffing of 55 geological surveys across the world, 
notes “a relative deficiency in graduate employees in 
the Geological Survey organisations of the low and 
lower-middle income countries with the overall situation 
being worst in Africa and the greatest variation being 
seen in Asia and the Pacific”. Some 20 years later 
the United Nations Economic Commission for Africa 
(2018), assessing the capacity of African geological 
survey organisations to meet the geological needs of 
individual nations, notes that “African states lack basic 
geological mapping or, at best, are poorly mapped.”. The 
situation relative to environmental and social baseline 
data coverage is likely to be equally unsatisfactory, 
depriving many African countries of the opportunities 
the development of their mineral wealth could offer, if 
activities were carried out according to high standards 
compatible with sustainable development.

The World Bank Group (especially through the 
International Development Agency), the United Nations 
Development Programme (UNDP) and the European 
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Commission have provided their support to developing 
the geoscientific database and the minerals- and metals-
related institutional capacities of lower-income countries. 
While the European Commission was a major donor 
up to 2000, through the now discontinued SYSMIN 
Special Financing Facility (€575 million for the 1995–
2000 period) and the European Development Fund, its 
support was almost completely halted owing to the 
then prevailing political disinterest, both among member 
States and at the level of the European Commission 
itself. Support has resumed over about the last 10 years, 
but at a much-reduced rate (Christmann 2021).

Regional cooperation can partly help to overcome 
shortcomings in institutional capacities. The main 
developments of regional institutional cooperation 
involving some developing countries are:

	z In Africa, since 2010, the African Development Bank 
hosts the African Legal Support Facility108 to support 
African States, some of which have limited in-country 
capacities, in their complex negotiations for instance 
with foreign companies seeking to invest in the 
development of mineral exploration or production 
facilities. The Facility also provides training to 
reinforce national legal capacities.

	z In East and South-East Asia, the Coordinating 
Committee for Geoscience Programmes109 was 
established in 1966 with the support of the United 
Nations Economic and Social Commission for Asia 
and the Pacific; it was initially intended for the joint 
prospecting of onshore mineral resources and 
became an intergovernmental organization in 1991. A 
progressive enlargement of the scope of its activities 
to the multiple facets of geoscience in service of 
society led to the efficient development and sharing 
of knowledge and experience, and the development 
of common databases and information systems, 
strengthening the institutional capacities of each of 
its member States.

	z In Latin America, the Association of Ibero-American 
Geological and Mining Surveys110 was created in 
1993, with a scope quite comparable to the current 
scope of activities of the Coordinating Committee 
for Geoscience Programmes, to foster networking, 
cooperation and the exchange of experience and data 
integration among Latin American geological surveys 
and mining directorates. 

108	 https://www.afdb.org/en/topics-and-sectors/initiatives-partnerships/african-legal-support-facility.
109	 https://ccop.asia/.
110	 https://asgmi.org/en/.

5.3.5 Mineral exploration financing

Mineral exploration activities can either be focused on 
the search for extensions of already known deposits, or 
those in their close vicinity with a comparable geological 
context, or be focused on new areas, away from known 
comparable deposits. The former are named “brownfield” 
exploration projects, while the latter are “greenfield” 
exploration projects. Exploration costs include all costs 
incurred from the early-stage exploration work (see 
Glossary) of Stage 1, figure 5.5, and table 5.6, up to the 
completion of the feasibility study (stage 4, figure 5.5). 

For example, for a project requiring an initial capital 
investment of US$500 million needed for the 
construction and commissioning of the production 
facilities and related infrastructure, the investment 
in exploration can be as high as 10 per cent, i.e. 
US$50 million of the required initial capital investment. 

Table 5.6,  provides an order of magnitude estimate of 
mineral exploration costs, from early-stage exploration 
projects (Stage 2 in figure 5.5) up to the completion 
of the feasibility study stage (Stage 4 in figure 5.5). 
Investment in mineral exploration is a high-risk form of 
investment, as it only generates negative cash flows 
unless a discovery is made that will, years after the 
exploration investment was made, eventually turn into 
a productive operation generating enough positive 
cash flows to balance the initial investment and then, 
and only then, generate a monetary surplus that will 
be used to pay taxes, royalties and levies and returns 
to the investors. Moreover, the probability that an 
exploration project will ever lead to a new mine is low, 
although estimates available from literature are variable, 
as the success rates are estimated on a different 
basis. While Natural Resources Canada (2013), the 
Canadian government department in charge of minerals 
and metals, estimates that 1 in 10,000 showings 
(outcropping mineralized occurrences) will become a 
mine, McCrae (2015), quoting the famous exploration 
geologist David Lowell, mentions that “only one out of 
three hundred to five hundred attractive targets become 
a mine”. Whatever the unspecified nuance between 
a “showing” and an “attractive target” (which may 
already have undergone the exploration work needed to 
determine the attractiveness), exploration is a high-risk 
investment, with potentially high financial risk.
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The high risk of mineral exploration activities makes it 
difficult for junior exploration companies to obtain loans 
to finance their projects, with banks generally avoiding 
the high risks related to mineral exploration activities 
coupled with the unavailability of positive cash flows that 
can serve to pay back loans. 

The mineral intelligence expert Richard Schodde has 
published several estimates at the regional level, based 
on his own database, of the value of the discoveries 
made (based on the market value of the marketable 
metals contained in the discoveries made). His 2022 
estimate is shown in table 5.7. 

Table 5.7: Cumulative investment in mineral exploration from January 2011 to the end of June 2022, by world 
regions, in nominal United States dollars and with the estimated value of the metals and minerals deposits 
discovered over this period, based on June 2022 market prices

Region Exploration spend 
(June 2022 US$b)

Est No of discoveries # Tier 1+2 discoveries Estimated value  
(June 2022 US$b) # 

Value / 
spend

Indonesia $3.2 1.5% 17 1.7% 2 3.1% $4.1 3.1% 1.3

Pacific / South East Asia $9 4% 30 3% 2 3% $5 4% 0.55

Australia $25 12% 191 19% 17 27% $30 23% 1.19

Canada $27 13% 115 12% 10 16% $19 14% 0.7

United States of America $14 7% 30 3% 3 5% $8 6% 0.6

Latin America $41 20% 124 13% 7 11% $13 10% 0.32

Africa $24 12% 234 24% 10 16% $23 18% 0.97

West Europe $5 2% 26 3% 2 3% $2 1% 0.4

East Europe $3 1% 10 1% 1 2% $3 2% 1.06

Former Soviet Union + China $54 26% 200 20% 11 17% $27 21% 0.5

Rest of World $5 2% 21 2% 1 2% $1 1% 0.18

WORLD $207 100% 981 100% 64 100% $132 100% 0.64

Note: Includes  Bulk Minerals, excludes satellite deposits found in existing camps  - # Includes an adjustment for unreported discoveries. 
Caution: Values are indicative / approximate-only 
Source: Schodde (2022a).

A comparable estimate, for the 2009–2018 period 
(Schodde 2019) showed an even lower return 
(US$0.55 per dollar invested in exploration, compared to 
US$0.64 per dollar in table 5.7), reflecting lower average 
metal prices at the time of the estimate, rather than 
variations of exploration success. 

This estimate accounts for as yet unreported discoveries, 
as it may take several years for a company to be able 
to report a discovery according to one the reporting 
standards recognized by the Committee for Mineral 
Reserves International Reporting Standards (CRIRSCO). 
This time is needed by companies in mineral exploration 
to acquire enough data, essentially by drilling operations, 
and to process the data to develop three-dimensional 
digital probabilistic models from which resources can 
be reliably calculated, and, once the mining method 
would have been defined and integrated into the three-
dimensional model and reserves. 

Table 5.7 shows a clear regional variability of the return 
on mineral exploration investments, possibly reflecting 
the fact that in as yet underexplored regions, such as 
Africa, China, South-East and Central Asia, and Europe 

beyond the limits of the European Union (figures 5.14 
and 5.15), there is a higher probability of discoveries of 
outcropping, or near-surface mineral deposits that are 
easier to discover than in regions with a much longer 
exploration history, where future exploration successes 
are more likely to be hidden deep-seated deposits that 
are much more difficult and costly to discover. 

The regional and annual variability of mineral exploration 
investments is shown in figure 5.14. Annual mineral 
exploration investment estimates are highly variable. 
Over the 1991–2021 period, in constant 1998 United 
States dollars, the annual exploration investment 
estimates varied between approximately US$2 billion 
and US$15 billion, the high variability of annual mineral 
exploration investments reflecting varying perceptions 
of the attractiveness of mineral exploration as an 
investment opportunity. This perception was driven by 
the market outlook for the main minerals and metals 
attracting exploration investments (figure 5.15), with gold 
having historically received most of the investments.
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Figure 5.14: Annual non-energy mineral exploration investments by world regions between 1991 and 2021, in 1998 
constant million United States dollars, using the Consumer Price Index of the United States of America as deflator
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Source: Authors, compiled from annual reports on global mineral exploration published by various sources, the diagram shows alternating boom 
and bust periods, as well as the decline in mineral exploration investment since 2012. (Compiled from Raw Materials Data, SNL and S&P data).

Figure 5.15 shows the variability of mineral exploration 
investments across the world’s main geographic 
regions, expressed as average constant 1998 United 
States dollars invested per km² over the 1991–2021 
period. The value of constant 1998 United States dollars 
was calculated using the Consumer Price Index of the 
United States of America as deflator, conforming to 
the method of the United States Geological Survey for 
the calculation of annual average metal prices since 
1900 (Kelly and Matos 2022). It clearly shows major 
differences in the exploration investments made in the 
different regions. Although Africa, broadly speaking, 
has a geological potential comparable to Australia and 
Canada, it attracted much less investment than Australia 
or Canada. Moreover, owing to this comparatively much 
lower exploration rate, there is a higher probability of 

discovering large near-surface deposits than in much 
more explored countries or regions. This situation relates 
to a range of issues that vary from country to country. 
There can be issues related to the framework conditions 
highlighted in figure 5.5 or to issues related to governance, 
social acceptance and security. Every year, the Canadian 
Fraser Institute publishes a survey of the perceptions 
of investment framework-related conditions by mining- 
related companies. This survey only represents the 
views of the companies that voluntarily respond, which 
is likely to introduce considerable bias into the analysis 
of the responses received. Its latest survey, related 
to 2021, reveals the lack or limited nature of public 
investment in the development of a sufficiently high-
resolution geoscientific data infrastructure and the lack 
of interoperability of existing digital databases. 
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Figure 5.15: Average 1991–2021 exploration investment per km2, in constant 1998 United States dollars, by 
world regions
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Figure 5.16 : The respective weight of investment into mineral exploration of specific mineral raw materials, from 
1975 to 2021

Note: Unlike in Figure 5.14, the annual investments are shown in nominal United States dollars and integrate data other than S&P data. 

Source: Schodde (2022a).

Figure 5.16 shows the relative underfunding of 
mineral exploration for copper and base metals, one 
of the important problems that may harm the long-
term availability of metals of major importance to 
the clean energy transition. This is a worrying trend 
as the exploration success rate appears to have 
declined over the last 10 years, and exploration is also 

becoming more difficult and costly. As the probability 
of discoveries of large-size outcropping deposits is 
declining in historically highly explored districts, the 
trend is to search for deeper-seated ore deposits, 
hidden under a cover of non-mineralized rocks (figure 
5.17), a trend that accelerates over time, especially for 
base metals (copper, nickel, zinc, lead).
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Figure 5.17: Trend in the average depth of gold and 
base-metals (copper, nickel, zinc, lead) discoveries 
over the period from 1950 to 2021
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Source: Authors. Data from R. Schodde (2020).

Mineral exploration investments are funded in several 
ways, with considerable variations in the 1975–2021 
period (figure 5.18, from Schodde 2022b):

	z From the cash reserves of active mining companies. 
The role of major, moderate and small producers in the 
discovery of mineral deposits is shown in figure 5.18. 
Their role has declined significantly since the 1960s, 
this decline being particularly marked over the last 15 
years. Producers may prefer to secure the stability of 
their shareholding by paying out dividends or boosting 
their share’s value by investing parts of their profits in 
repurchasing their own shares, rather than investing 
in risky mineral exploration projects. For them, it 
appears less risky to leave mineral exploration to junior 
companies, and to take a share, or even control, of the 
most attractive projects once a solid feasibility study 
has demonstrated their attractiveness. In 2020, active 
mining companies were only responsible for 17 per 
cent of the reported discoveries.

	z Buy junior mineral exploration companies that do 
not yet have any productive activities. Since the 
1980s, the role of these companies in mineral deposit 
discoveries has steadily grown up to the present 
day. In 2020, junior companies made 66 per cent 
of the reported discoveries (figure 5.18). A few of 
these companies may become a moderate or major 
producer. In most cases, in the event of a discovery, 
their assets will be bought by an existing producer 
with sufficient experience and financial standing 
to raise the initial capital expenditure needed to 
develop a new production facility.A junior expIoration 
company, after initial early exploration work funded 

by the resources of its project promoters, will seek 
funding for further exploration work by becoming 
listed on the stock markets of countries with liberal 
economic systems and a strong historical mineral 
exploration culture, including an ecosystem of 
universities, mining schools, research institutions 
and industry associations, essentially Canada or 
Australia. Funding of exploration activities will then be 
based partly or totally through floating the company’s 
shares, mostly on the Toronto Stock Exchange (TSX 
and TSX-V) and the Australian Securities Exchange. 
About 1,900 companies are listed on these two 
stock exchanges, most of them junior exploration 
companies. Some other stock exchanges, including 
those of Frankfurt, Johannesburg, London and New 
York, also list junior exploration companies, but at a 
reduced scale. Multiple listings are quite frequent.

	z Private equity, trust funds and offtake agreements 
with traders or downstream industrial minerals and 
metals users may play a role in mineral exploration, 
but the role of these alternative financing modes in 
mineral exploration, although fairly undocumented, 
is likely to be of minor importance in the funding of 
mineral exploration projects.

	z Governments, mostly via their geological survey 
organizations, were the second most important 
discoverers for several decades after the Second 
World War, but many had to reduce their exploration 
activities in the late part of the twentieth century 
as governments with liberal economic systems, at 
times of low metal prices and abundant supply, lost 
their political interest in publicly funded activities 
related to minerals and metals. In 2020, only 1 per 
cent of the discoveries were made by governmental 
organizations.

	z Even in China public investment significantly declined 
over the last decade (China, Ministry of Natural 
Resources 2021, and see Chapter 2). While the total 
mineral exploration budget reported for 2012 was RMB 
51 billion (equivalent to US$7.4 billion at the average 
RMB/US$ exchange rate in 2020 of US$0.145 per 
RMB), it was down 68 per cent to RMB 16.2 billion 
in 2020 (US$2.3 billion), of which only 51 per cent 
(US$1.2 billion) was invested in mineral exploration. 
This represents about 
8 per cent of the world’s exploration budget assessed 
by Schodde (2022b), or about 11 per cent of the world’s 
total exploration budget assessed by S&P Global 
Market Intelligence (2022). However, this reduction in 
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mineral exploration budgets may be, at least partly, 
offset by the improving efficiency of Chinese mineral 
exploration activities, as the use of modern state-of-
the-art exploration techniques seems to be developing 
in the country (no English-language data is available 
to support or invalidate this point of view).

	z After many years of disinterest in mineral resources-
related issues, the wind is changing as several 
jurisdictions dependent on minerals and metals 
imports are struggling with supply issues and fearing 
that growing geopolitical tensions may disrupt some 
vital supply chains on which their economies, and 

social well-being, depend. The launch of multiple 
critical minerals-related initiatives in France, the 
European Union, Germany, Japan, the United 
Kingdom of Great Britain and Northern Ireland, the 
United States of America and possibly elsewhere (see 
Introduction) is an illustration of this new geopolitical 
nervousness. It may signal a new age of government 
interest in minerals and metals and the urgent need 
for new initiatives related to the global governance 
of mineral resources, as outlined by the IRP report 
Mineral Resource Governance in the 21st Century 
(Chapter 12, IRP 2020a). 

Figure 5.18: Mineral deposits discoveries made over the 1900–2020 period, by nature of the economic agent that 
made the discovery

Source: Reproduced with permission, personal communication with Richard Schodde, MinEx Consulting (2022).
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	z Finally, prospectors made about 1 per cent of the 
discoveries in 2020. Prospectors used to be iconic 
figures of the Australian, Canadian and United 
States of America mining industries. Working in 
the field, frequently under extreme hardship, with 
little or no technical equipment and quite frequently 
no degree in geology or mineral engineering, they 
looked for signs of outcropping mineralization such 
as mineralized outcrops or mineralized boulders and 
were reputed for their flair for spotting geological 
potential. Many discoveries made during the first part 
of the twentieth century were made by prospectors, 
but nowadays they have been almost completely 
replaced by junior companies with highly educated 
staff able to efficiently implement state-of-the-art 
mineral exploration technologies described in recent 
handbooks (e.g. Moon et al, 2009; Haldar 2018; 
Gonzalez-Alvarez et al. 2020).

5.3.6 Initial capital expenditure financing

This is by far the most capital-intensive of all stages 
of a mining project (see Section 3.1). Initial capital 
expenditure is secured through a combination of equity 
and debt that varies from project to project.

Capital expenditure requirements can be met by any 
mix of:

	z public equity raising, by listing the company on a stock 
exchange and floating shares to investors, or from 
raising capital from private sources (private equity); and

	z loans.

Key investors are varied. Commercial banks, 
development banks (e.g. the World Bank Group, the 
European Investment Bank, the Inter-American and 
African Development Banks), trust funds, private equity 
funds and special purpose acquisition companies all 
play an important role in the funding of initial capital 
expenditure requirements. Governments also contribute 
to funding new production capacities through their 
national development agencies and funds.

Owing to the size of initial capital expenditure 
requirements (see section 3.1.1), capital quite frequently 
comes from a roundtable of different investors, providing 
a specific combination of equity and loans. For projects 
in low-income countries, the participation in capital 
expenditure financing of one, or several, development 
banks is an important catalyst, as it is a sign of trust in 
the projects’ potential that encourages other investors to 
contribute to the financing.

As a result of the high demand for minerals and metals 
critical to the global low-carbon energy transition, 
companies at the very end of minerals and metals supply 
chains, traditionally far from mining activities, such as 
car or battery manufacturers, wanting to secure their 
strategic minerals and metals supplies, have recently 
become significant shareholders of mining companies. 
In 2023, General Motors invested US$650 million into the 
mining company Lithium Americas (Lithium Americas 
2023) to speed up the production launch of the large-
scale Thacker Pass (Nevada, United States of America) 
lithium deposit (Lithium Americas 2023) and secure future 
supplies from it. Ford is involved in a US$4.5 billion initial 
capital investment, together with Vale (Brazil) and Zhejiang 
Huayou Cobalt (China), to build a new nickel-producing 
plant in Pomalaa, Indonesia (Reuters 2023b). In 2023, car 
manufacturer Stellantis bought a 14.2 per cent stake in 
McEwen Mining Inc., a mining company owning the Los 
Azules advanced copper exploration project in Argentina 
(Attwood 2023) and holds an 8 per cent stake in Vulcan 
Energy (an Australian junior company developing a major 
lithium production project in Germany) (Reuters 2023a). 

This new trend with downstream industries becoming 
financiers of mineral exploration and the development of 
new production facilities also materializes through a flurry 
of offtake agreements whereby the downstream industrial 
investor will obtain a predefined share of the production as 
repayment of a loan. A number of car manufacturers are 
discussing offtake agreements with companies that have 
mining projects still at the development stage. Examples 
of this are the offtake agreements separately signed by 
Renault (Reuters 2021a) and Volkswagen (Basov 2021), 
two leading car manufacturers, with Vulcan Energy, a 
junior company developing a lithium production project 
from brine in Germany. This project had not completed 
its feasibility study by the end of October 2022. Ford has 
signed off-take agreements with Ioneer, a junior company 
developing the Rhyolite Ridge project in the United States 
of America (Ioneer 2022) and Lake Resources, another 
junior company, developing the Kachi lithium project in 
Argentina (Randall 2022). These are just a few examples.

The engagement of the downstream manufacturing 
industry with the financing of new production facilities is 
an important strategic development, as it can broaden 
the financing sources needed to develop the many mining 
projects that will need to be put in production for the low-
carbon energy transition. Moreover, manufacturers can 
play an important role in fostering the contribution of the 
minerals and metals industry to sustainable development, 
and particularly its transparency and reporting practices.
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No globally consolidated statistical data is available on 
the financing of initial capital expenditure requirements. 
S&P Global, as part of its subscription service, provides 
a monthly and annual review of mining project financing, 
but this includes exploration as well as mine development 
projects and the database is likely to only cover a part 
of global mining financing. Some key economic agents 
(including some governments and public bodies, as well 
as offshore economic agents operating from tax havens 
via sometimes opaque holding structures) report nothing, 
or close to nothing, about their activities.

In 2021, S&P identified 2,684 instances of financing, worth 
$21.55 billion, in the global minerals and metals industry 
(Manalo 2022). Some 40 per cent of these reported 
financings were raised via the Toronto Stock Exchange, 
36 per cent via the Australian Securities Exchange and 
only 0.3 per cent via the London Stock Exchange. This 
underlines the importance of equity in financing the 
minerals and metals industry and the role of Toronto 
and Sydney as key financing hubs of a large part of 
this industry. Gold and base metals (copper, lead-zinc, 
nickel*,111 cobalt*, molybdenum* and tin), as well as non-
gold precious metals (platinum group metals* and silver* 
in the S&P classification), received 36 per cent each of 
the financing, while speciality metals projects (mostly 
lithium projects) received 28 per cent of the financing.

However, despite all these recent trends in investing, 
there are serious concerns about insufficient funding 
of new productive projects. Figure 5.19, published by 
mining.com and BMO Capital, shows that, since 2012, 
the global mining industry has much reduced the share 
of its annual earnings before interest, taxes, depreciation 
and amortization it reinvests into expansion projects, 
favouring the payment of dividends to its shareholders 
or share buybacks designed to boost the value of their 
shares. This article states that “given it has never been 
harder to build a new mine owing to capital expenditure 
escalation concerns, shareholder resistance and 
environmental, social and governance challenges, we see 
companies looking towards buying rather than building 
any growth“. This analysis is consistent with the decline 
in mineral exploration investment out of their profits by 
minerals- and metals- producing companies, noted in 
figure 5.18 (Schodde 2022b). 

111	 Starred (*) elemental symbols indicate elements that in other literature, for instance Reichl and Schatz (2022), are categorized in other mineral 
product groups. This underlines the semantic heterogeneity prevailing in minerals- and metals-related literature, one of the problems on the long 
road towards transparency. 
112	 https://companiesmarketcap.com/mining/largest-mining-companies-by-market-cap/.

At a time when the demand for minerals and metals will 
continue to grow, especially the demand for transition 
minerals that is expected to boom over the next two or 
three decades, underinvestment in mineral exploration 
and the development of new production facilities 
may soon create severe supply bottlenecks that can 
jeopardize the achievement of a net-zero carbon world 
by 2050–2060, calling for global coordinated action 
to overcome any shortage of supply. The low average 
price/earnings ratio observed for publicly listed mining 
companies signals the relatively low interest of investors 
to invest in mining, with some remarkable exceptions. On 
the basis of financial data from 206 publicly listed mining 
companies, companiesmarketcap.com,112 in August 
2023, estimated that the average price/earnings ratio 
for these mining companies was 5.94, against 28.2 for 
the 684 pharmaceutical companies or 34.1 for the 403 
software companies it assessed.

In August 2023, BenchmarkSource stated that the 
lithium industry alone needs between 116 (high case 
scenario) and US$54 billion (base case scenario) in 
investment to meet automaker and policy targets by 
2030 (BenchmarkSource 2023).

Jason Benz Bennee © Shutterstock
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Figure 5.19: Expansion capital invested as a percentage of global mining sector earnings before interest, taxes, 
depreciation and amortization

Source: Els (2023), reproduced with permission from mining.com.

5.3.7 Financing post-closure monitoring 
and management

After the completion of the formal closure process, or the 
abandonment of operations deemed unprofitable by their 
owners, the land used by past operations will now be 
handed back to its original owners. As in many countries 
energy and metallic minerals resources are owned by 
the State, and not by the landowner owning the surface, 
national or regional authorities may have to cope with 
any issues remaining or arising after mine closure.

In many countries, mine closure procedures were 
non-existent or lax until about 20 years ago when the 
authorities of various jurisdictions introduced mandatory 
mine closure procedures, with the result that derelict 
mining, ore-processing and metallurgical facilities and 
their related waste can be a lasting source of negative 
impacts (see Section 2.6.3 for additional details). 

As a consequence, public funding may be needed:

	z To make a digital inventory of the localization, 
nature and extension of derelict sites and to assess 
their potential or measurable impacts on local 
communities and ecosystems.

	z On this basis, to identify and implement specific 
actions necessary to address the most pressing 
issues, such as the remediation of derelict sites or the 
infilling of some underground cavities, as well as the 
need for long-term monitoring and site management 
activities. The latter may be necessary to process 
acid mine drainage or runoff water contaminated 
with radionuclides. The former may be necessary 
to verify the stability of tailing dams, if the tailings 
they withhold cannot be used as inputs for some 
economic activities.

In the cases where long-term site monitoring or 
management is necessary, recurring annual public 
funding may become a necessity, potentially for 
centuries or longer.
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5.4 CONCLUSIONS OF THE CHAPTER

The global energy transition to net-zero carbon energy 
production, including required additional facilities such 
as energy storage or back-up production facilities (to 
overcome the intermittent, non-programmable nature 
of solar and wind energy) and intelligent distribution 
networks will require a massive development of transition 
minerals production over the next three or four decades, 
as shown in many published scenarios. The future 
demand of specific transition minerals such as cobalt, 
lithium or nickel will be highly dependent on the nature of 
the technologies that will be used in the future to produce 
the different components of the global energy system. 
Energy-related technologies are continuously shifting, 
for instance the technologies and raw materials used for 
energy storage, including in the electromobility sector.

Whatever the future variations over time of the transition 
minerals mix needed to build the future global energy 
system, and despite all the vast possibilities offered by 
the circular economy concept, the demand for minerals 
and metals is likely to continue to grow exponentially 
over the coming decades.

Meeting this demand will require many billions of 
dollars of investment in mineral exploration and in the 
development of new production facilities such as mines, 
mineral processing facilities, metallurgical plants and 
metal refineries. Securing the necessary investments in 
mineral exploration, mine development, well-managed 
mine closure and the institutional capacities needed to 
develop global responsible mining is a major challenge. 
Failure to address it adequately could derail the global 
energy transition and lead to regional or global resource 
conflicts. 

At times where access and production of mineral 
resources is confronted with important environmental, 
social and governance issues, a well-coordinated, 
continued, global effort, building on the recommendations 
of this IRP report, and of international institutions such 
as the International Energy Agency, the International 
Renewable Energy Agency, OECD and the World Bank, 
appears to be an absolute necessity, along with all the 
efforts needed to progress as far as technically possible 
and socially acceptable towards a more circular economy. 
The production of minerals can be much more responsible 
than it currently is. A paradigm shift is needed at the 
level of all stakeholders if humanity is to benefit from the 
promises of the global energy transition.

Eusebio Torres © Shutterstock
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5.5 APPENDIX: 
SUMMARY LIST OF MINERALS AND 
METALS PRODUCTION- RELATED RISKS

Risk 
category Short risk description Suggested mitigation actions

Ec
on

om
ic

/B
us

in
es

s 
ris

ks

Community or NGO 
opposition to the 
project. Failure to 
gain the sustainable 
development licence 
to operate

•	 Whatever the financing mode of a project (publicly listed company, private equity, state-owned 
enterprise, etc.), make public, under the supervision of designated qualified persons, all data 
documenting the economic, environmental, governance and social dimensions of the project, with full 
consideration of its inputs and outputs and their impacts and related issues. Fully report performance 
at the operational level using indicators that correctly describe emissions and waste, impacts on land 
use, water resources and biodiversity. Support and contribute to international initiatives developing 
full reporting frameworks at the project development and operating stages. A commitment to 
transparency and building trust among stakeholders are essential to the long-term success of mining 
operations and their maximum contribution to the Sustainable Development Goals.

•	 Proactive, documented dialogue with the local communities from the beginning of exploration 
activities, with the support of cross-cultural communication experts if cultural differences exist.

•	 Associate, if needed, with the support of an external facilitator, local communities and NGOs in your 
risk assessment process.

•	 Proactive engagement with NGOs.
•	 Identification and implementation of actions that can provide long-term benefits (beyond mine 

closure) to local populations.
•	 Publication of all project and operations-related economic, environmental, social and governance data 

and of summaries in a format accessible or understandable to laypersons.

Construction and 
commissioning 
delays

•	 Develop and implement an operational readiness plan, based on risk assessment and a mitigation 
strategy.

Geological risk: 
overestimation of 
reserves

•	 Perform sufficient pre-production drilling within the mine planning footprint and perform three-
dimensional geostatistical modelling to document the reserves with a high probability factor, at least 
for a production time equal to the payback period.

Poor understanding 
of the existence and 
spatial distribution of 
penalizing elements 
in the ore

•	 Sufficient pre-production drilling within the mine planning footprint to understand the three-
dimensional distribution of penalizing elements and their mineral carriers through sampling and 
multi-element geochemical analysis, as well as mineralogical determinations and three-dimensional 
geostatistical modelling. 

Volatility of 
commodity prices

•	 Identify the economic sensitivity of the project to price variations of mineral raw materials during the 
preparation of the feasibility study. Elaborate hedging strategies.

Persistent economic 
downturn leading 
to decreased 
commodity prices or 
decreased demand

•	 Perform mineral intelligence analysis to identify possible future market trends and potential ‘black 
swans’ that may disrupt market trend scenarios. This includes the identification of potential future 
technological shifts or other circumstances that can disrupt the future demand/supply balance. This 
assessment should be performed no later than the feasibility study. 

•	 Perform an analysis of the sensitivity of your project to the variations of the prices of the minerals and 
metals you plan to produce.

Underperformance 
(against the 
production schedules 
defined in the 
feasibility study) 
of the mining, 
ore processing 
or metallurgical 
operations

•	 Implement sensor-web-based real-time monitoring of all operations, at the level of individual 
equipment and processes, to identify productivity issues, define and implement preventive 
maintenance schemes (with the support of the equipment suppliers) to avoid unscheduled downtime. 
Elaborate and use a digital twin of the operation(s).

Insufficiently skilled 
and experienced 
personnel

•	 Develop a hiring and incentivization strategy from the early project planning stage (as early as the 
pre-feasibility study). If relevant, consider with the authorities, opening a local or regional professional 
training facility.
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Risk 
category Short risk description Suggested mitigation actions

G
ov

er
na

nc
e 

ris
ks

 

Weak corporate 
practices

•	 For governments: make it compulsory for companies to publicly report their site-specific economic, 
environmental, governance and social performance according to a (currently non-existent) 
internationally recognized standard, ensuring the reliable documentation of all positive and negative 
immediate and possible long-term impacts, including those related to energy and water use; the 
emissions (including fine particulate matter) in air, soil and water; the production of mineralogically 
and geochemically characterized solid waste streams). 

•	 Make public reporting rules compulsory, whatever the type of project financing used to fund 
their initial capital expenditure requirement. Adapt the reporting rules to the size of the reporting 
companies and of the potential risks related to their production.

•	 Encourage the development of an international comprehensive operation-level environmental, social 
and governance reporting framework.

•	 For companies: engage proactively in this development. Link the remuneration of top management 
to the verifiable implementation of these enhanced environmental, social and governance reporting 
obligations.

Sudden, 
unpredictable 
changes of the 
regulatory framework 
or the taxation 
rules applicable to 
mineral exploration 
and actual mining 
and metallurgical 
operations

•	 For governments: ensure the stability and predictability of the regulatory and taxation framework. Ensure 
the transparency of all activities from exploration to production. Frequent changes of government, with 
the resulting changes of political perceptions and attention given to the minerals and metals industry, is a 
major challenge for the planning and the investment of projects that may span decades.

•	 For companies: assess the political stability, regulatory quality, institutional capacities and governance 
performance of the jurisdiction in question. Multilateral investment guarantees and national or regional 
risk insurance systems may offer coverage of some risks. Adjust the discounting factor used to perform 
the discounted cash-flow analysis of the project during the feasibility study, to reward countries offering a 
verifiable, transparent good governance investment framework.

Weak regulatory 
framework

•	 Consider mining laws, codes and environmental law reforms necessary to fully integrate sustainable 
development goals based on transparency (mandatory public disclosure of the data and reports on 
exploration and production activities) and full integration of the economic, environmental, governance 
and social impacts of the production of minerals and metals.

•	 Seek external support to strengthen institutional capacities (development banks and donor countries 
may support actions in support of developing countries. Consider pooling the necessary capacities 
at the regional level (e.g. the Legal Support Facility of the African Development Bank and the African 
Mineral Development Center).

Insufficient 
institutional 
capacities

•	 Ensure the proper budgeting of the core institutional capacities needed (environmental agency, 
geological survey, mining directorate) to conceive and implement the transparent regulatory, 
monitoring or reporting framework applicable to the production of minerals and metals. For 
developing countries, sharing the efforts at regional levels can reduce costs. Examples of this are the 
Legal Support Facility of the African Development Bank and the African Mineral Development Centre.

En
vi

ro
nm

en
ta

l r
is

ks

Insufficient 
transparency 
obligations

•	 Build on current best practice in reporting on mining projects (Canadian NI 43-101 reporting standard) 
and on operations (Global Reporting Initiative), develop comprehensive reporting and public 
disclosure frameworks covering all quantitative and qualitative sustainable development-related 
aspects. Reporting should be produced under the supervision of qualified persons (see glossary) as 
defined in the Canadian NI 43-101 standard. 

•	 Apply mandatory disclosure obligations to all projects and operations, whatever their financing mode.

Lack of proper 
mineralogical 
and geochemical 
characterization 
of waste streams, 
particularly of 
tailings. Leaching 
of harmful metallic 
compounds in the 
environment.

•	 Perform Mineralogical and geochemical three-dimensional modelling of the ore body to determine 
the presence and distribution of minerals and potentially harmful elements that may cause acid mine 
drainage or leak into the environment.

•	 Continuously monitor waste streams and carry out periodical public reporting needed if sulphides 
or sulphosalts are present in the processing waste, as part of the strategy to reduce the acid mine 
drainage problem.

•	 Monitor and publicly report tailings mineralogy and geochemistry.

Production of acid-
generating tailings

•	 In case of the presence of sulphides or sulphosalts in the mineralization, ensure that acid base 
accounting and a net acid generation calculation is performed and reported as part of the ore 
processing pilot tests (pre-feasibility and feasibility stages). In view of the results, decide and report 
on optimal tailings disposal strategy to ensure the long-term absence of acid mine drainage.

Health impacts 
related to dust (fine 
particles) emissions

•	 Mineralogical and geochemical characterization of dust particles.
•	 Avoidance of dust emissions from mining activities and by wind erosion of tailings or waste materials.
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Risk 
category Short risk description Suggested mitigation actions
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Mine closure and 
post-closure issues 
(ground stability, 
acid mine drainage, 
tailings dam failure, 
unsuitability of 
mined land for other 
purposes, loss of 
activity or revenue for 
local populations, etc.)

•	 Identify any possible environmental and social issues that may arise during mine closure and post-
closure and develop and make public the remediation and monitoring plan, in close collaboration 
with authorities and local communities. Detail the actions planned to enable the use of the past 
production area for other purposes, including for biodiversity conservation. Budget for the required 
actions and provide a financial guarantee that covers the costs up to the moment where the former 
production area, including any waste accumulations, can safely be used either for new economic or 
environmental purposes.

Greenhouse gas 
emissions from the 
use of carbon-based 
fossil fuels

•	 Consider the use of non-carbon sourced energies and energy-efficient production processes and 
equipment. Consider the opportunity to use electrical machinery and vehicles. Set targets and monitor 
and report on your performance.

Water use or 
pollution issues 
(surface and 
groundwater)

•	 Prevent the overdraft of surface water resources or groundwater bodies with limited or non-existent 
recharge, conflicting use of water resources needed by other stakeholders (agriculture, animal farms, 
urban water supply, fire hazard control, fisheries, recreational water uses, etc.)

•	 Perform hydrological and hydrogeological baseline data collection, and three-dimensional or 
four-dimensional groundwater modelling if significant groundwater use is required, especially 
in water-stressed areas and areas with competitive water uses. Qualitative (geochemical) and 
quantitative monitoring and public reporting of groundwater and surface water bodies affected by 
the operations should be considered. Establish a budgeted post-closure monitoring plan of the water 
bodies affected, with related reporting, until it can be demonstrated that no further effects on water 
resources occur or will occur in the future.

Lack of proper 
mineralogical 
and geochemical 
characterization 
of waste streams, 
particularly tailings. 
Leaching of harmful 
metallic compounds 
in the environment.

•	 Perform mineralogical and geochemical three-dimensional modelling of the ore body to determine 
the presence and distribution of minerals or potentially harmful elements that may cause acid mine 
drainage or otherwise leak into the environment.

•	 Continuously monitor of waste streams and periodical public reporting needed if sulphides or 
sulphosalts are present in the processing waste, as part of the strategy to reduce acid mine drainage 
problem.

•	 Monitor and publicly report the mineralogy and geochemistry of tailings.

Threats to or losses 
of biodiversity

•	 Perform baseline data collection on flora and fauna, providing a comprehensive inventory of species 
existing within the operations area and in areas, such as areas of specifically developed infrastructure 
(roads, power transmission lines, etc.) serving the operations. Identify threatened or fragile species 
and develop a plan protecting those species, in cooperation with local communities and NGOs. 
Develop a soil protection plan in areas where fertile soils are either scarce or particularly vulnerable 
(e.g. tropical rainforest soil).

Harmful gas 
emissions (methane, 
radon, etc.) 

•	 An inventory of the risks of potentially harmful gas emissions, such as methane or radon emissions, 
needs to be performed as part of the environmental impact assessment.  In case of risk, establish a 
mitigation strategy (ventilation, remote robotic operations, etc.)

Exposure to natural 
hazard (landslides, 
flooding, droughts, 
seismic or volcanic 
activity, natural 
hazardous gas 
emissions (CO2, 
methane, radon, etc.)

•	 The inventory of historical occurrences, with an estimate of their magnitudes and impacts, should be 
part of a project baseline data acquisition and integrated into the environmental impact assessment. 
Clearly documented mitigation strategies and the funding they need to be prepared and published.

Dust emissions (fine 
particulate matter)

•	 The sources, intensities, the mineralogical or geochemical nature, and the related potential health 
impacts of potential dust emissions should be identified as part of the environmental impact 
assessment. Potential sources to be assessed include mining, processing and metallurgical 
operations, tailing and other mine waste storages, as well as off-site dirt roads used for frequent 
transport by heavy trucks of inputs to and outputs from the mining and ore processing. Clearly 
documented mitigation strategies and the funding they need are to be prepared and published. 
Monitoring and periodical reporting of indicators are needed.

Noise and vibrations •	 Identification of noise and vibration sources, frequency and intensity of noise and vibrations at 
the operation(s) site(s) and at the level of off-site transport infrastructure (transport of inputs and 
outputs) should be documented in the environmental impact assessment. Clearly documented 
mitigation strategies and the funding they need are to be prepared and published. Their 
implementation is to be monitored and publicly reported.
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Risk 
category Short risk description Suggested mitigation actions
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Inadequate design of 
the ore processing 
or metallurgical and 
refining process 
leading to excessive 
consumption of 
inputs or excessive 
emissions

•	 Ore processing and metallurgical pilot tests performed during the pre-feasibility or feasibility stage 
should make it possible to identify the best process available to process the ore or extract or refine 
the metals contained. This is of importance to reducing energy and water use, as well as keeping 
emissions and waste generation to a minimum while maximizing the recovery rate of the valuable 
mineral component(s). The best available technologies should be selected for the project design and 
documented in the feasibility study.

Poor design of 
tailing dams or 
compromises 
with monitoring or 
inspections and their 
findings: risks of 
tailing dam failure or 
leakage of harmful 
compounds to the 
environment.

•	 Best practice needs to be used in tailing dams design and documented in the environmental 
impact assessment and the feasibility study. Monitoring of the stability of the structure needs to be 
performed and the results publicly reported. 
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Damages to cultural 
heritage

•	 A mandatory baseline study identifying and cataloguing any heritage site or site of particular cultural 
importance to local populations should be completed during the pre-feasibility or feasibility stage. The 
involvement of participants from the local communities is of great importance. Solutions to avoid the 
destruction of cultural heritage need to be identified and transparently implemented and reported on.

Environmental 
degradation affecting 
local populations

•	 Dust, noise, pollution of water resources or soil, and the loss of fertile soil used for food production 
can all lead to conflicts, which may spiral into violence. All potential environmental impacts need to 
be identified no later than during the feasibility stage, together with relevant mitigation strategies, 
indicators and public reporting commitments.

TTstudio © Shutterstock

209

CHAPTER 5: Financing the production of minerals and metals today



CHAPTER 6

SUSTAINABLE FINANCE 
FOR RESPONSIBLE MINING

BJP7images © Shutterstock



CONTENTS

6.1 Introduction to sustainable finance and frameworks 212

6.1.1 General context 212

6.1.2 Sustainable finance guidelines and objectives 214

6.1.3 High-level objectives 219
6.1.3.1 Sustainable Development Goal-inspired finance 219

6.1.3.2 United Nations-led principles 223

6.1.3.3 Paris-aligned finance 224

6.1.4 Disclosure frameworks for sustainable finance 225
6.1.4.1 Standardizing environmental, social and governance data 225

6.1.4.2 Scoring environmental, social and governance performance in mining 226

6.1.5 Tools and standards for sustainable finance 230
6.1.5.1 Sustainable finance taxonomies 230

6.1.5.2 Sustainable taxonomies and mining 234

6.1.5.3 Supporting sustainable finance: development banks 235

6.1.5.4 Enabling sustainable finance: sustainability-labelled financial products 236

6.2 Financing sustainable mining practices 238

6.2.1 Instruments for sustainable finance in mining 238

6.2.2 Financial markets and environmental, social and governance requirements for 
large-scale mining

240

6.2.2.1 The Green Loan Principles and Social Loan Principles 242

6.2.2.2 Sustainability-Linked Loan Principles 243

6.2.3 The need for patient capital 244

6.2.4 Financial instruments along the mine life cycle 245

6.2.5 Global survey of large-scale mining companies 247

6.3 Conclusions of the chapter 250

6.4 Appendix 252

211

CHAPTER 6: Sustainable finance for responsible mining



6.1 INTRODUCTION TO SUSTAINABLE 
FINANCE AND FRAMEWORKS 
6.1.1 General context

As has been seen in earlier chapters, the mining 
industry that extracts and processes the critical 
minerals required for the low-carbon energy transition 
raises environmental, social and governance concerns 
throughout mining life cycles, especially in vulnerable 
contexts (Columbia Center on Sustainable Investment 
et al. 2016). Mining operations, if not properly designed, 
operated and managed, can be associated with 
environmental contamination accidents including 
ecosystem disruption (Arendt et al. 2022), water 
pollution (Wang et al. 2021), land and habitat degradation 
(Sonter et al. 2018), greenhouse gas emissions (Azadi 
et al. 2020) and deterioration of air quality (Batur and 
Babii 2022; Stewart 2020). Meanwhile, conflicts with 
local communities are not always solved by corporate 
efforts to obtain a social licence to operate from local 
stakeholders (Owen and Kemp 2013; Vanclay and Hanna 
2019). Safety, gender, equity, Indigenous and labour 
interconnections are rarely addressed comprehensively 
(Ali 2003; Verrier et al. 2022). These issues have given 
rise to an enormous number and range of civil society 
initiatives and proposals that seek better outcomes from 
mining for both the environment and host communities. 
The mining industry is under pressure to obtain a broader 
sustainable development licence to operate in line with 
the Sustainable Development Goals (Pedro et al. 2017). 

Mining involves huge investments, which puts 
the financial sector in a strong position to drive 
improvements in the environmental, social and 
governance performance of the sector. The finance 
sector has also a vital role in enabling societies to 
respond to the challenges of metals and minerals supply. 
It can provide the capital needed to support the transition 
to low-carbon and sustainable economies, mitigate 
the adverse consequences of mining and adapt to the 
impacts of climate change. Beyond capital provision, 
the finance sector can direct investments towards 
responsible good practices in mining, exert a positive 
influence on governmental actors and influence the 
policy agenda. In short, finance has a key role to play 
in pressuring companies and stakeholders to include 
sustainability factors in their business practices.

When deciding about financing mining activities, 
investors are discouraged both by environmental, social 
and governance risks from existing unsustainable 
practices (International Energy Agency 2022c; 
Bloomberg 2022), and the extra costs that might 
be entailed in new, more sustainable practices. 
Investments in the energy transition are more urgent 
than ever (International Energy Agency 2021), and the 
need to provide large amounts of capital to the mining 
industry on an environmentally and socially sustainable 
basis has become increasingly acute (Lee and Suh 
2022). The financial sector could also be a powerful 
ally of civil society organizations in incentivizing fewer 
damaging mining activities.

The finance sector is diverse, with many different actors 
playing different roles in capital provision (figure 6.1). 

Parilov © Shutterstock
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Figure 6.1: Schematic of the financial sector

Source: Adapted from United Nations Environment Programme (2022, figure 7.2, p. 68).

113	 S&P Capital IQ Global Mining Intelligence, https://www.spglobal.com/marketintelligence/en/campaigns/metals-mining accessed 2022

At present, there are more than 12,000 active capital and 
maintenance projects in the mining sector globally. They 
cumulatively represent approximately US$1.2 trillion, 
US$231.1 billion of which are devoted to mines currently 
under construction.113 The average 2023 mining spending 
will increase as the energy transition and energy security 
issues become more pressing. As costs are projected to 
rise, the expansion of existing facilities is becoming the 
preferred option for most miners across the globe: 30 
per cent of the value of 2023 planned projects is related 
to mine expansion (Govreau 2023). A favourable policy 
environment can contribute to strong mining economies. 
In its Policies Database, the International Energy Agency 

lists 35 instruments such as grants, preferential loans or 
loan guarantees to support the development of mining 
value chains (International Energy Agency 2022b). On 
top of these, the Critical Minerals Policy Tracker of the 
Agency highlights 11 tax incentive mechanisms across 
nine countries (in North and South America, Asia, Europe 
and Australia) in the policy area of “promoting exploration, 
production and innovation” to support projects in the 
development and mining phase. Countries may use 
taxation measures and incentivizing domestic production 
or deductions for chosen investments (International 
Energy Agency 2022a).
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In recent years, many financial companies have 
committed to sustainability and fuelled the sustainable 
finance debate. Banks, insurance companies and investors 
have strengthened their approach to sustainability. 
Many have made formal commitments. Some have 
delivered on them by funding companies that produce 
positive socioenvironmental impacts. Through their 
action, financial operators have encouraged the uptake of 
responsible practices. The finance sector has also been 
and continues to be learning how to identify, assess and 
disclose the environmental, social and governance risks 
to which they are exposed. By including environmental, 
social and governance factors in their strategies, 
financial operators and investors have also increasingly 
responded to clients’ demands114 and intergovernmental 
programmes (United Nations Environment Programme 
[UNEP] 2023), proving there is a growing business case for 
sustainability.115 Sustainable finance is also paramount to 
curbing illicit financial flows, as discussed further below.

As repeatedly noted in this report, the industry producing 
minerals and metals is fundamental to sustainability 
and sustainable development: mineral resources are 
and will be ever more essential to promoting the low-
carbon economy (International Energy Agency 2021). The 
market size of key energy transition minerals reached 
US$320 billion in 2022, doubling over the past five years, 
bringing broad-based price increases and strong volatility 
in 2021 and 2022, as well as potential new revenues 
and development opportunities (International Energy 
Agency 2023c). The newly released critical minerals data 
explorer of the International Energy Agency showcases 
the evolution of demand projections under various energy 
scenarios and technology trends (International Energy 
Agency 2023b). Extraction and refinement processes 
that are not properly designed, operated and managed 
can face severe social and environmental impacts that 
have to be mitigated, and companies are increasingly 
working to promote a sustainable value chain (Extractives 
Global Programmatic Support 2017). The proliferation 
of schemes, alliances, principles and standards is a 
sign that environmental, social and governance factors, 
alongside traditional economic considerations, are 
attracting increasing attention. This Chapter explores the 
mechanisms under which sustainable finance can support 
and improve the environmental, social and governance 
performance of the mining industry.

114	 A recent report by the CFA Institute (2020) reports that that better management of investment risks (64 per cent) and clients’ demands (59 
per cent) are the top two reasons to include environmental, social and governance factors in investment decisions. The report surveyed more than 
7,000 industry professionals across the globe. See https://rpc.cfainstitute.org/-/media/documents/survey/future-of-sustainability.pdf. 
115	 For instance, see the United Nations Environment Programme Principles for Responsible Banking (https://www.unepfi.org/banking/
bankingprinciples/) and referenced progress report released in September 2023.

This Chapter begins by reviewing the existing definitions 
and frameworks promoting sustainable finance. As 
sustainable finance involves mechanisms to promote 
sustainable investments, but also tools to finance 
sustainability, the Chapter reviews how ambitious policy 
objectives are translated into operational practices. The 
Chapter then sets out the various financial instruments 
that are used along the various stages of the mining 
value chain. The focus here is on mining rather than 
the further refining and processing of ores because 
mining faces its own special circumstances, while 
the challenges involved in the later stages of metal 
production are common to many industries. The Chapter 
considers how sustainable finance, along with corporate 
environmental, social and governance efforts, affects 
environmental, social and governance performance 
across the board. In reviewing different national 
approaches, the Chapter shows that there are conflicts 
between different jurisdictions, and calls for an integrated 
and universal approach that will be instrumental in 
valuing and supporting responsible practices in mining 
and the pursuit of sustainable development.

6.1.2 Sustainable finance guidelines 
and objectives 

There is no unique definition of sustainable finance. 
Guidelines have emerged and consolidated across 
different industries, touching on “ethical”, “socially 
responsible”, “green” and “sustainable” factors that shape 
how financed is deployed. The scientific literature shows 
that there is a lack of a shared definition, mainly because 
frameworks are focused on different environmental, 
social and governance dimensions and tend to have 
diverse motives. Migliorelli (2021), Widyawati (2020) and 
Sparkes (2008) explore the historical and conceptual 
assessments of sustainable finance initiatives. 
International organizations, financial institutions, 
governments and regulatory bodies have created 
definitions, standards and rules that reflect multiple 
coexisting motivations. The outcome of this two-decade 
process is a proliferation of heterogeneous terms and 
concepts (figure 6.2). The lack of a shared and unique 
definition affects comparability and thus accountability 
of investments. 
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The European Commission refers to sustainable 
finance as “the process of taking environmental, social 
and governance considerations into account when 
making investment decisions in the financial sector, 
leading to more long-term investments in sustainable 
economic activities and projects” (2022). Sustainable 
finance also includes transparency efforts especially 
in risk assessment and risk disclosure relevant to 
environmental, social and governance aspects. This 
approach is shared by other major multinational 
institutions such as the European Central Bank, the 
World Bank,116 other development banks and the 
International Monetary Fund.117 The Group of 20, through 

116	 Sustainable Finance, the World Bank. https://www.worldbank.org/en/topic/financialsector/brief/sustainable-finance. 
117	 Global Financial Stability Report, Chapter 6 (2019). https://www.elibrary.imf.org/display/book/9781498324021/9781498324021.xml. 
118	 A recent report by the Coalition of Finance Ministers for Climate Action charted the different existing approaches of national sustainable 
finance roadmaps. The report is available at: https://www.financeministersforclimate.org/sites/cape/files/inline-files/Sustainable%20
Finance%20Roadmaps%20Report%20-%20Nov%202021.pdf.

its Sustainable Finance Study Group, embraces a broader 
concept and includes “financing as well as related 
institutional and market arrangements that contribute 
to the achievement of strong, sustainable, balanced 
and inclusive growth, through supporting directly and 
indirectly the framework of the Sustainable Development 
Goals” (Group of 20 2018). Broadly, sustainable finance 
is understood as inclusive of different themes: reporting 
and disclosure, institutional responsibility, capital 
allocation (investments), risk management practices, 
standardization processes, financial innovations, 
research and capacity-building.118

Figure 6.2: An overview of sustainable finance and its components

6.2

 
  

Environmental goals Social goals Economic goals Other SDGs 

Paris Agreement
objectives

 Other
environmental-
related goals

  

Green finance

Sustainable Development Goals finance

Sustainable finance
 

Sustainable Development Goals 

Climate finance

Other sustainability -
related policy objectives

Climate change
adaptation

Climate change
mitigation

Source: Adapted from Migliorelli (2021).
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Using a synthesis of multiple existing frameworks 
and definitions, in this report sustainable finance 
includes social, green (and climate) finance, while 
also incorporating considerations about the economic 
sustainability of the whole financial system (International 
Capital Market Association 2020). In general, sustainable 
finance is supported by frameworks comprising 
principles followed by financial institutions using existing 
or novel instruments to finance sustainable assets. The 
rationale behind sustainable finance lies in the perception 
that the actions taken by financial actors can improve 
the performance of the companies in which they invest 
(Whelan and Fink 2016; Madaleno and Vieira 2020) while 
generating benefits for the planet and society, as well as 
private returns to investors.

Under the sustainable finance umbrella, responsible 
and sustainable investing occupies a central role. In 
this context sustainable investing is an “approach that 
considers ESG [environmental, social and governance] 
factors in portfolio selection and management” (Global 
Sustainable Investment Alliance 2018). For the purpose 
of this report, we consider sustainable investing to be the 
use of one or more strategies out of the following:119

1.	 Exclusionary screening: the portfolio composition 
excludes pre-determined sectors as they are 
not compliant with environmental, social and 
governance paradigms.

2.	 Best-in-class screening: the portfolio composition 
includes investments in environmental, social and 
governance-compliant sectors and projects.

3.	 Norms-based principles: investments are 
screened against a set of norms that follow a 
set of standards or recognized best practices 
(i.e. the Cyanide Code and the European Union 
Best Available Technique Reference Documents 
[BREFs]).

4.	 Environmental, social and governance assessment 
integration: investment managers include 
environmental, social and governance indicators, 
metrics and considerations in their financial analyses 
and assessments. Reporting and transparency 
practices (including public disclosure) also support 
environmental, social and governance integration (for 
instance, see details on European Union taxonomy-
related disclosure tools in Section 4.3.1).

119	 The sustainable investment strategies were detailed by the Global Sustainable Investment Alliance, a membership-based collaboration among 
sustainable investment organizations.
120	 See Norges Bank Investment Management website: https://www.nbim.no/ 
121	 https://www.ifrs.org/news-and-events/news/2023/06/issb-issues-ifrs-s1-ifrs-s2/. Accessed 18 July 2023.

5.	 Sustainability-oriented investments: investments 
targeting sustainability (i.e. green technologies, 
cleantech innovations, sustainable practices).

6.	 Impact investing: investments target specific 
environmental, social and governance problems 
and communities may be involved. Capital is 
provided to businesses and projects that can prove 
a clear and tangible environmental, social and 
governance purpose.

7.	 Corporate and shareholder action: the use of 
shareholder influence on corporate decisions and 
actions (namely, active ownership).

The landscape for environmental, social and governance 
investment is growing fast. Between 2012 and 
2020, total “sustainable investing” assets grew from 
US$13.3 trillion to US$30.7 trillion (Schumacher 2020), 
the most famous of such funds being the Norwegian 
Oil Fund, worth US$1.3 billion.120 Markets, investors 
and shareholders are increasingly conscious that a 
strong sustainability orientation can also be a source 
of good economic returns. The environmental, social 
and governance world is dominated by a plethora of 
standards, initiatives, regulations, principles and good 
practices that may generate confusion among market 
operators. Moreover, research has detected divergence 
in measurement and scope (Berg et al. 2022; Kotsantonis 
and Serafeim 2019). A systematization and assessment 
of existing practices is urgent, and may be offered 
by the release in June 2023 of new standards by the 
International Sustainability Standards Board.121

The environmental factors of the term ‘environmental, 
social and governance’ can cover a wide range of issues, 
such as energy use (fossil resources), greenhouse gas 
emissions leading to climate change, surface water 
and groundwater (quantitative and qualitative issues), 
soil, biodiversity, waste and emissions, and long-term 
management of derelict mining and metallurgical sites. 
However, the most attention has been given to climate 
change, such that climate finance is now seen as a 
special category of finance (box 6.1).
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Box 6.1: Climate finance: a new financial flow

Sustainable development and climate change are strongly linked: developing countries are the most affected by 
adverse climate impacts while also being the least able to adapt to them. In the 2030 Agenda for Sustainable 
Development (2015), United Nations Member States committed to take action to tackle climate change and 
protect the planet from what was described as “one of the greatest challenges of our time”. The set of skills, 
tools and resources available to move towards a climate-resilient future are restricted in the most vulnerable 
areas of the world, despite their limited contribution to the problem. 

Climate finance refers to “local, national or transnational financing—drawn from public, private and alternative 
sources of financing—that seeks to support mitigation and adaptation actions that will address climate change” 
(website of United Nations Framework Convention on Climate Change 2022122). Article 9 of the Paris Agreement 
(2015) marked a milestone for climate action. Rich nations pledged to transfer US$100 billion per year to less 
wealthy countries by 2020 to assist in mitigation and adaptation. At the 26th United Nations Climate Change 
Conference of the Parties (COP26) in Glasgow, it became apparent the promise had not been fulfilled and 
parties renegotiated to meet the target by 2025. Some issues remain open, including the post-2025 finance 
landscape: an assessment by the Standing Committee on Finance of the United Nations Framework Convention 
on Climate Change remarked that developing countries will require up to US$6 trillion up to 2030 (figure 6.3).
Figure 6.3: Climate finance needs for future mitigation and adaptation (top); source of climate financing 
2019–2020 (bottom)

Source: Nature (2021). https://www.nature.com/articles/d41586-021-02846-3. 

122	 https://unfccc.int/topics/introduction-to-climate-finance
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There exists a strong business case behind the channelling of more financial resources towards climate-
resilient activities. Scientific evidence shows that with no greater climate action, temperature could rise 
above pre-industrial levels by around 4°C, exposing the world to an estimated US$23 trillion in global 
economic losses (Kompas et al. 2018). From an investor’s point of view, assets are not just exposed to 
physical risks (i.e. arising from climate change impacts and leading to disruption and physical damages to 
assets and people), but also to transition risks (i.e. the impact of climate change and other environmental 
policies regulations and changing technology costs). Investments in a climate-resilient economy offer 
opportunities for economic growth and increased competitiveness as this market becomes more prominent, 
and the demand for sustainably produced products is on the rise. Finally, climate finance widens the 
spectrum of potential investments by opening up product innovations and markets. The involvement of 
market actors in rather economically neglected areas of the world opens up possibilities for innovation by 
valuing diversity. 

Figure 6.4: Sustainable finance as detailed in three nested layers

6.4

– UN-led Principles
– SDG-aligned finance
– Paris-Aligned Finance

– The Equator Principles
– OECD Due Diligence Guidelines
– Task-Force on Climate-Related Disclosure

– Taxonomies
– Sustainability-labelled financial products
– Development banks financing for sustainability

HIGH-LEVEL
OBJECTIVES

FRAMEWORKS

TOOLS and
STANDARDS

Source: Authors.

123	 The Organization for Economic Cooperation and Development (OECD) explored the barriers to scaling up green and sustainable investments 
in its OECD Business and Finance Outlook Series. The lack of a universal definition of “sustainable” assets is frequently mentioned as a limitation 
for market operators. See OECD (2016) and OECD (2017) for a detailed discussion. 

Sustainable finance initiatives are defined at and operate 
through three levels: high-level objectives that influence 
industry-relevant frameworks that are ultimately 
translated into applicable tools and standards (figure 
6.4). However, as noted above, the sustainable finance 
landscape is fragmented, with common policy objectives 
having multiple understandings that can constrain the 

financing of assets for sustainable development.123 
This fragmentation can be a deterrent for companies 
to engage with environmental, social and governance 
reporting and initiatives, but there remain effective 
options to finance the extractive industry under a 
sustainable finance framework. 
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6.1.3 High-level objectives 

The 2030 Agenda for Sustainable Development and its 
Sustainable Development Goals, the Paris Agreement, 
and the recent Kunming-Montreal Global Biodiversity 
Framework and Global Framework on Chemicals124 
are international landmarks of a journey towards a 
sustainable future. Many Sustainable Development 
Goal-inspired financing initiatives have been initiated at 

124	 The Kunming-Montreal Global Biodiversity framework was adopted in December 2022: https://www.cbd.int/gbf/ and the Global Framework 
on Chemicals in September 2023: https://sdg.iisd.org/news/historic-global-framework-on-chemicals-adopted-following-years-of-talks/ 

the international, national and sectoral levels. Together 
with an ensemble of United Nations-led principles, 
supranational institutions and countries have undertaken 
initiatives for financing sustainability. These initiatives 
allow for the mobilization and alignment of private and 
public financial resources and they ensure that these 
flows are directed towards priorities relevant to the 
Sustainable Development Goals (figure 6.5).

Figure 6.5: The process of redirecting finance towards the Sustainable Development Goals
6.5

Source: Organization for Economic Cooperation and Development (2021).

6.1.3.1 Sustainable Development Goal-inspired 
finance

In 2015, world leaders met in Addis Ababa, Ethiopia 
to agree on the Addis Ababa Action Agenda, a global 
framework for financing sustainable development 
supporting the implementation of the 2030 Agenda, 
including the Sustainable Development Goals. The 
Agenda recognized the critical mismatch between 
national development priorities and plans and the 
financial resources needed to achieve them. To date, 
the Action Agenda is a tool to align all financing flows 

and policies with economic, social and environmental 
priorities (figure 6.6). At the heart of the Agenda are the 
integrated national financing frameworks that detail 
how each country intends to pursue its sustainable 
development strategy. The integrated national financing 
frameworks are made up of four blocks: (i) assessments 
and diagnostics; (ii) financing strategy; (iii) monitoring 
and review; (iv) governance and coordination. Each 
block contributes to building capacities to strategically 
plan and manage how to collect and direct financial 
resources. 
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Figure 6.6: Schematic representation of the integrated national financing framework

6.6

{ {
 

  

FINANCING STRATEGY

Sources of finance and other
means of implementation

National Sustainable
Development Goals 

SUSTAINABLE
DEVELOPMENT

STRATEGY 

Financing and related policies across
the Addis Ababa Agenda for Action

  

Dev. coop. policies
Investment policies

MTRSs MTEFs
Financial inclusion strategies

Note: Dev. Coop. is development cooperation. MTRSs = Medium-Term Revenue Strategies; MTEFs: Medium-Term Expenditure Frameworks125.

Source: United Nations Inter-Agency Task Force on Financing for Development (2019); United Nations, Department of Economic and Social Affairs (2020).

125	 Medium-term revenue strategies are government-led fiscal approaches to undertake effective tax systems reform for boosting tax revenues 
(https://www.imf.org/en/News/Articles/2019/10/28/sp102919-mediumterm-revenue-strategy). Medium-term expenditure frameworks are 
“linking frameworks” that allow spending to be “driven by policy priorities while being disciplined by budget realities”.

The 2030 Agenda established an intergovernmental 
process and an inter-agency task force. The first is 
the annual Forum on Financing for Development, 
which has the mandate to review on a regular basis 
the Agenda and other financing for development 
outcomes. The second is the Inter-Agency Task Force 
on Financing for Development, which reports on annual 
progress and advises on practical matters. The call 
to mobilize and scale up private and public finance 
targeted at the Sustainable Development Goals has 
led to alliances across environmental, social and 
governance dimensions. The Global Investors for 
Sustainable Development Alliance is an example of 
activity coordinated by the United Nations that is aimed 
at redirecting financial flows towards the Sustainable 
Development Goals. The Alliance consists of more than 

30 heads of major financial institutions and corporations 
across the globe. In 2020, the Alliance produced 
a shared definition of “Sustainable Development 
Investing”: “deploying capital in ways that make a 
positive contribution to sustainable development, using 
the SDGs [Sustainable Development Goals] as a basis 
for measurement” (Global Investors for Sustainable 
Development Alliance 2020). The definition embraces 
both private and social returns on investments. 
Moreover, it includes environmental, social and 
governance investing strategies and impact investing. 
The implications of this broadened definition are 
twofold. On the one hand, investments should not have 
a negative impact (the “do no harm” principle); on the 
other, investments should generate positive benefits with 
respect to the objectives of the Sustainable Development 
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Figure 6.7: The Sustainable Development Investing spectrum

6.7

Source: Global Investors for Sustainable Development Alliance (2020). 

Goals (figure 6.7). In addition to the strategies shown, 
environmental, social and governance investors also 
engage actively with the companies they invest in, at 
annual general meetings and investor meetings, to press 
for more commitment to environmental, social and 
governance issues.

In the climate context, the United Nations Environment 
Programme (UNEP) (2022) has suggested a range 
of actions and instruments for different parts of the 
financial sector, many of which are relevant to the mining 
sector (see adapted table 6.1). The suggestions go 
well beyond the action of United Nations agencies, and 
involve central and other banks, regulators and different 
government departments, as well as international 
financial institutions.

Ziadi Lotfi © Shutterstock
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Table 6.1: Objectives, instruments, institutions and actors for accelerating financial flows for sustainable 
development

Objective Instruments Institutions and actors

Increase the 
efficiency of financial 
markets

•	 Financial transparency rules and protection of investors and consumers
•	 Climate-related financial risk disclosure (voluntary and mandatory)
•	 Taxonomies and classification systems
•	 Financial engineering (structured finance, asset-backed non-recourse debt, 

venture capital, private equity, etc.)
•	 Definitions and disclosure or recognition of the risk of stranded assets
•	 Green bonds and bond market classifications and standards, including 

environmental, social and governance standards
•	 Capacity-building

•	 Financial regulatory institutions
•	 Central banks
•	 Credit rating and related agencies
•	 Banks and institutional investors
•	 Bond market regulators

Introduce carbon 
pricing

•	 Carbon taxes
•	 Emissions trading schemes
•	 Fossil fuel subsidy reduction
•	 Carbon credit instruments

•	 Ministries of finance and treasuries
•	 Financial regulatory agencies
•	 Ministries of power or the 

environment
•	 International agreements (e.g. 

United Nations Framework 
Convention on Climate Change)

Nudge financial 
behaviour

•	 Nudges to address herd behaviour and behavioural and system inertia, and 
to provide benefits from switching to low-carbon alternatives

•	 Divestment movements
•	 Tax benefits to accelerate low-carbon investments
•	 Product taxes, subsidies, regulations, standards, labelling and public 

infrastructure
•	 Carbon taxes and regulations on greenhouse gas-intensive activities

•	 Ministries of finance and treasuries
•	 Ministries of environment
•	 Large corporates, supply chains
•	 Multilateral development banks, 

development finance institutions, 
export credit agencies

Create markets •	 Public bonds and guarantee issuances for domestic, early-stage research 
and development investment and direct investment support, green banks

•	 Innovation intermediaries and investment
•	 Public-private partnerships
•	 Enabling policy support (feed-in tariffs, reverse auctions, etc.)
•	 Product market regulations and standards
•	 Public procurement contracts and purchase guarantees
•	 Taxes and subsidies

•	 Ministries of finance and treasuries
•	 National and regional development 

banks and green banks
•	 Cities and regions
•	 Private equity investors

Mobilize central 
banks

•	 Priority sector lending and credit quotas
•	 Prudential lending standards and bank supervision, collateral requirements
•	 Stress testing and financial stability prudential requirements
•	 Enhanced liquidity support to financial system
•	 Creating new asset classes for climate in banking and investment 

regulation
•	 Quantitative easing and central bank balance sheet activities
•	 Low-carbon climate remediation assets
•	 International Monetary Fund Special Drawing Rights (IMF SDR) issuance 

funding for climate investment support in low-income contexts

•	 Central banks
•	 Financial regulators
•	 International Monetary Fund
•	 Banks and institutional investors

Set up climate clubs 
and international 
cross-border financial 
initiatives

•	 Instruments depend on type of initiative, but include:
•	 Voluntary standards and agreements on fossil fuel subsidy reductions
•	 Agreement on norms for export credit agencies
•	 Just transition initiatives and financial support structures
•	 Multilateral and bilateral climate funds
•	 Multi-sovereign and other guarantee support to de-risk and leverage private 

investment

•	 Climate funds
•	 Multilateral development banks, 

export credit agencies
•	 Multi-sovereign guarantee 

mechanisms
•	 Credit-rating agencies
•	 Group of Seven/Group of 20 

agreements
•	 Larger private institutional actors

Source: Adapted from United Nations Environment Programme (2022, table 7.2, pp. 76-77). 
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The potential for concerted financing for action inspired 
by the Sustainable Development Goals came into 
sharper focus at the end of 2020. The world’s public 
development banks, including a large proportion of 
national institutions, gathered together at the first 
Finance in Common Summit. There, they expressed the 
absolute urgency to mobilize funds towards climate-
aligned investments and committed to shift their 
investment strategies and patterns in support of the 
Sustainable Development Goals. Furthermore, they 
agreed to facilitate schemes and practices to enable 
private investors to come together under the same set of 
high-level objectives. This important role of multilateral 
development banks was reiterated at the Summit for a 
New Global Financing Pact, which took place in Paris in 
June 2023. While critical materials for the low-carbon 
energy transition were not explicitly mentioned in the 
Summit summary,126 the Summit’s statement calling 
on multilateral development banks “to promote just 
transitions and foster sustainable development at the 
global level” (p. 8) provides a solid platform for them to 
engage with the supply of critical materials for the low-
carbon energy transition.

126	 Summary of summit discussions accessible at: https://www.elysee.fr/en/emmanuel-macron/summit-on-a-new-global-financing-pact.
127	 United Nations Environment Programme Finance Initiative: https://www.unepfi.org/.
128	 https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf.

6.1.3.2 United Nations-led principles 

In 1992, a group of 13 financial institutions joined 
forces under the United Nations guidelines to “change 
finance and finance change”. That was the foundation 
of the United Nations Environment Programme 
Finance Initiative (UNEP FI).127 Since its inception, the 
sustainable finance landscape has profoundly changed 
and expanded. At the time of writing, UNEP FI works 
with more than 500 banks, insurers and investors 
representing more than US$170 trillion in assets globally. 

Since its launch, UNEP FI has helped to establish two 
co-created frameworks:

	z The Principles for Sustainable Insurance in 2012, 
tailored to the insurance sector with a road map 
to launch and expand innovative risk management 
practices and insurance solutions for sustainable 
development. The Principles are currently applied by 
insurers representing 25 per cent of world premiums, 
and seek to build the foundation of sustainable 
insurance, a strategic approach where the whole 
insurance value chain is managed responsibly.

	z The Principles for Responsible Banking in 2019, to 
complement the framework of the Principles for 
Responsible Investment to cover the lending and 
underwriting activities of banks and ensure that 
strategies and practices of signatory banks are 
aligned with the Sustainable Development Goals 
while being consistent with the Paris Agreement. 
There are now 325 signatories of the Principles for 
Responsible Banking, representing half of global 
banking assets with a value of nearly US$90 trillion.128 
Those signatories engage in a three-step journey 
to implement six principles that should cut across 
all business areas: They must: identify the most 
significant impacts of their products in the sectors 
they operate in (impact analysis); set targets to 
achieve measurable and quantifiable progress in 
areas with the most significant impacts (target 
setting); and share improvements publicly (reporting). 

Pierluigi.Palazzi © Shutterstock
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Another influential framework is the Principles for 
Responsible Investment, which was founded in 2006 
and developed “by investors for investors”, to align 
their interests with those of society. By June 2024, 
the Principles for Responsible Investment had over 
3,750 signatories, with assets under management 
of around $130 trillion. The framework incorporates 
environmental, social and governance criteria into 
investment analysis and decision-making and seeks 
to enhance corporate disclosure and investors’ 
acceptance of sustainability issues.

The sustainable finance landscape is influenced by 
the actions of networks and coalitions that actively 
bind their members to principles and actions, some 
of which are listed in Appendix 6. These networks are 
global, regional and national and seek to promote one 
or more of the following objectives: (i) shift financial 
resources from brown to green assets; (ii) develop 
shared principles, accounting rules and methods to track 
greenhouse gas emissions of assets owned; (iii) invest 
in bankable and clean energy projects and promote 
a sustainable economy. United Nations-led networks 
include the Net Zero Asset Owner Alliance, the Net Zero 
Banking Alliance,129 the Net Zero Export Credit Agencies 
Alliance130 and the Forum for Insurance Transition to Net 
Zero (the latter replaced the Net Zero Insurance Alliance, 
which was discontinued in April 2024). Networks 
normally include banks, asset owners, pension funds, 
insurance companies, national and international banks, 
shareholders and companies. 

6.1.3.3 Paris-aligned finance

Shifting investments

Many networks target climate-resilient investments 
aligned with the Paris Agreement. The Glasgow 
Financial Alliance for Net Zero, presented at the 26th 
United Nations Climate Change Conference of the 
Parties (COP26) in Glasgow, is a private sector initiative 
that, at the time of writing, included over 450 financial 
companies in 45 countries responsible for over $130 
trillion in assets. The Alliance aims to bring together 

129	 See progress reports for the Net-Zero Asset Owner Alliance: https://www.unepfi.org/industries/the-second-progress-report-of-the-net-zero-
asset-owner-alliance-advancing-delivery-on-decarbonisation-targets/ and the Net-Zero Banking Alliance: https://www.unepfi.org/industries/
banking/net-zero-banking-alliance-2022-progress-report/.
130	 https://www.unepfi.org/climate-change/net-zero-export-credit-agencies/
131	 The five networks are the Asia Investor Group on Climate Change, Ceres, the Investor Group on Climate Change, the Institutional Investor 
Group on Climate Change and the Principles for Responsible Investment. They provide support, help with facilitating meetings and technical 
guidance and assistance. 

multiple net-zero finance initiatives and accelerate the 
transition through capital investment. Investors can 
support net-zero strategies by redirecting capital towards 
green technologies (divesting from highly polluting 
sectors and activities) or by supporting carbon capture 
and storage projects, as well as negative-emission 
research and development projects. 

Improving transparency

When it comes to greenhouse gas emissions, accounting 
is essential. Networks of investors are strong allies in 
developing shared frameworks to measure emissions 
along the value chain. The Platform Carbon Accounting 
Financials is a global partnership of financial actors 
that cooperate to develop and implement harmonized 
approaches to assess and disclose greenhouse gas 
emissions associated with their lending and investment 
activities. Founded in 2015, the initiative now includes 
206 financial institutions. The Platform guides investors 
through the accounting process. As such, it contributes 
to disclosing the real impacts of financial activities. The 
outcome is the Global GHG Accounting and Reporting 
Standard for the Financial Industry, which assesses 
climate-related risks in line with the Task Force on 
Climate-related Financial Disclosures, sets science-based 
targets in line with the science-based targets for financial 
institutions initiative and reports to relevant stakeholders, 
including the Carbon Disclosure Project.

Coalitions and networks, such as Climate Action 100+, 
are also active in calling for corporate greenhouse gas 
reduction strategies and other pro-sustainability actions 
along the whole value chain. Supported by five pre-
existing investor networks from different areas of the 
world,131 Climate Action 100+ investors interact with 
key companies in the capacity of lead, collaborating 
or individual investor. One of the networks, the Ceres 
Investor Network on Climate Risk and Sustainability 
includes more than 200 institutional investors for a 
total of $47 trillion in assets under management. Ceres 
members engage and collaborate on environmental, 
social and governance matters to advance investment 
practices. The network also pressures stock exchanges 
and regulators to improve disclosure. The network 
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accounts for multiple working groups: the Paris Aligned 
Investment Working Group, the Ceres Working Group 
on Land Use and Climate, the Policy Working Group, 
the Climate Action 100+ North America Working Group, 
the Shareholder Initiative on Climate and Sustainability, 
the Investor Water Lab, the Carbon Asset Risk Working 
Group and the Private Equity Working Group.

The high-level principles inspired by the principles 
of the Sustainable Development Goals and the Paris 
Agreement are implemented through frameworks 
proposed by international institutions, industry alliances 
or multinational organizations which operate on two 
complementary levels: data standardization and risk 
disclosure; and sustainable investments.

6.1.4 Disclosure frameworks for 
sustainable finance

6.1.4.1 Standardizing environmental, social 
and governance data 

Investors’ and lenders’ appetite for environmental, 
social and governance assets is growing. When making 
investment decisions, financial institutions identify, 
assess and communicate environmental, social and 
governance risks to investors as a consequence of 
increasing negative impacts on the value of investors’ 
assets owing to the multiple risks that may affect 
the profitability of their investment, and the investor’s 
reputation. Regulation and policy have supported this 
shift and pushed market factors towards sustainability. 
As disclosure initiatives proliferate, investors can obtain 
more comprehensive overviews of the assets in which 
they have an interest. 

The need for punctual, timely and high-quality assured 
information is key to forecasting and preparing for 
risks derived from climate change, biodiversity loss and 
ecosystem collapse. With appropriate data, investors 
and financial actors can better calibrate models, seize 
opportunities and price assets accurately. Two landmark 
initiatives have focused investor attention on the 
environmental dimension of sustainable development: 
the Task Force on Climate-related Financial Disclosures, 
created by the Financial Stability Board to increase 
and improve reporting of climate-related financial 
information, and the Task Force on Nature-related 

132	 https://www.ifrs.org/news-and-events/news/2023/07/foundation-welcomes-tcfd-responsibilities-from-2024/. Accessed 18 July 2023.
133	 See detailed recommendations at: https://www.unepfi.org/themes/ecosystems/tnfd-final-recommendations/.

Financial Disclosures. The Task Force on Climate-related 
Financial Disclosures works with companies to improve 
their knowledge and to support developments in the 
governance, strategy, risk management and metrics 
of their businesses. In July 2023, the body behind 
the International Sustainability Standards Board, the 
International Financial Reporting Standards Foundation, 
announced that it will take over this work from the Task 
Force on Climate-related Financial Disclosures in 2024.132 
Launched in 2021, the Task Force on Nature-related 
Financial Disclosures released its final recommendations 
in September 2023.133 It developed a risk management 
and disclosure framework for companies, organizations 
and institutions to report on existing and foreseeable 
nature-related risks. The identification and disclosure of 
these type of risks is instrumental to investors’ decision-
making to move towards nature-positive outcomes. 

UNEP-FI supported the adoption of the Task Force on 
Climate-related Financial Disclosures framework from 
its launch and gradually introduced indicators aligned 
with the Task Force into the United Nations Principles for 
Responsible Investment. First introduced on a voluntary 
basis, the Principles for Responsible Investment 
increasingly required its signatories to report on core 
indicators (starting with the governance and strategy 
indicators of the Task Force on Climate-related Financial 
Disclosures framework). From the 2021 reporting cycle, 
signatories must also accept that the results they report 
are to be scored and disclosed publicly.

The Global Reporting Initiative is a well-established 
standards provider in the environmental, social and 
governance domain. Founded in 2000, it has rapidly 
become the most widely used framework for sustainability 
reporting, covering universal and topic-specific standards. 
The Initiative cooperates with the non-profit Carbon 
Disclosure Project and with the United Nations Principles 
for Responsible Investment to work with investors. 
Science-based targets for financial institutions are tailored 
to asset owners, asset managers, banks and insurance 
and has been operational since 2020. 

The sister organization of the World Bank, the 
International Finance Corporation, has played a pivotal 
role in establishing sustainable finance initiatives and 
programmes. One of them is the Equator Principles, 
which rapidly became a reference for the financial 
industry. The Equator Principles serve as a risk 
management framework to identify, quantify and 
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assess environmental and social risks. Published for 
the first time in 2003, they have now been adopted by 
105 major banks. The Equator Principles cover very 
relevant financial products for mining: project-related 
financial advisory services; project finance; project-
related corporate loans; bridge loans and project-related 
refinance, as well as project-related acquisition finance. 
Their rationale lies in ensuring that finance is delivered 
and developed in a socially responsible fashion to 
mitigate, reduce or avoid negative impacts of projects. 

The International Finance Corporation strategy on 
sustainable finance also includes the provision of 
tools for clients and stakeholders. The Environmental 
and Social Management System Diagnostic Tool 
of the Corporation helps financial institutions, 
institutional investors and asset managers to assess 
their performance against the International Finance 
Corporation Performance Standard 1 (International 
Finance Corporation 2022b). The benefits for users are 
reduced direct and indirect environmental and social 
risks, including lower credit, market and reputational 
risks. The focus on environmental and social risks is 
also supported by the International Finance Corporation 
Environmental, Social and Governance Toolkit. The 
toolkit is aimed at helping fund managers and financial 
institutions to add value through environmental, social 
and governance management. On the environmental 
side, mining is explicitly mentioned as critical for 
resource efficiency and circular economy risks and 
opportunities. On the social side, mineral extraction 
activities present modern slavery challenges and should 
be regulated using human rights protection frameworks 
and regulations.

Another noteworthy online tool, ENCORE (Exploring 
Natural Capital Opportunities, Risks and Exposure), was 
developed by the Natural Capital Finance Alliance134 
in partnership with UNEP to help financial institutions 
- often dealing with fragmented information – to 
understand and integrate natural capital risks in their 
activities and risk management processes; Natural 
Capital Finance Alliance and UNEP World Conservation 
Monitoring Centre 2018).

134 https://www.encorenature.org/en.
135	 See https://www.responsibleminingfoundation.org/.

6.1.4.2 Scoring environmental, social and 
governance performance in mining

One of the most valuable sources of information 
about environmental, social and governance corporate 
performance in mining is the Responsible Mining Index, 
the biennial report of the Responsible Mining Foundation. 
The foundation supports the view that “extractives value 
chains should benefit the economies, improve the lives 
of peoples, and respect the environments of producing 
countries – while allowing companies to make a fair and 
viable return”.135 In 2020, the Responsible Mining Index 
provided an assessment of the policies and practices 
of 38 of the largest mining companies (accounting 
for 28 per cent of global mining activities by value 
of production), as well as 180 individual mine sites. 
Their latest report scrutinizes 40 companies and 250 
mine sites (Responsible Mining Foundation 2022).The 
assessment is focused on large-scale mining and uses 
three classes of indicators: 

	z Commitment indicators assess the extent to which 
companies have produced formalized commitments, 
endorsed by senior management, and assigned 
responsibilities and resources to implement these 
policies. 

	z Action indicators assess the extent to which 
companies are systematically putting in place 
measures to improve and maximize the potential 
economic, environmental, social and governance 
benefits and avoid, minimize or mitigate the negative 
environmental, social and governance impacts of 
their activities. 

	z Effectiveness indicators assess the extent to which 
companies are tracking, reviewing and acting to 
improve their performance on managing economic, 
environmental, social and governance issues. 

The Responsible Mining Index report offers a unique 
and detailed overview of environmental, social and 
governance-related aspects and mining as it provides 
a mine-site assessment to monitor site-level actions 
including “local employment, local procurement, 
post-closure viability of communities, community 
grievances, worker grievances, air quality, water quality, 
water quantity, tailings management, and emergency 
preparedness” (Responsible Mining Foundation 2020). 

Figure 6.8 shows the Responsible Mining Index Analytical 
Framework, and the transversal issues covered in its 
report. It can be seen that the Commitment, Action and 
Effectiveness indicators have weights of 14 per cent, 58 
per cent and 28 per cent respectively.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

226

https://www.encorenature.org/en
https://www.responsibleminingfoundation.org/


Figure 6.8: The Responsible Mining Index Analytical Framework and Transversal Issues covered in the 2020 
Responsible Mining Index Report
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In the 2022 Responsible Mining Index report, mine-site 
assessments were particularly concerning, with none 
scoring over 50 per cent, only 2 scoring over 30 per cent 
and 16 scoring 0 per cent. The conclusion of the 2022 
Responsible Mining Index Report was: “The vast majority 
of the 250 assessed mine sites across 53 countries 
cannot demonstrate that they are informing and 
engaging with host communities and workers on basic 
risk factors such as environmental impacts, safety issues 
or grievances. Some 94 per cent of the mine sites score 
an average of less than 20 per cent on the fifteen basic 
environmental, social and governance issues assessed. 
At the same time, a few mine sites show better practices 
on some of these issues, proving ‘it can be done’. It is at 
mine-site level that these issues matter most - for local 
stakeholders who risk exposure to harmful impacts, 
for investors who need to know about asset-level 
risks, for board members and senior executives to 

know if risks are being well managed (Hopkins and 
Kemp 2021). All companies are encouraged to move 
beyond consolidated reporting and aggregate figures 
to meet stakeholders’ needs for relevant information 
and meaningful engagement” (Responsible Mining 
Foundation 2022, p. 6). We echo this recommendation 
in Chapter 8 of this IRP report.

Across the companies, the 2022 Responsible Mining 
Index Report showed some improvement in performance 
compared to the 2020 report, especially among the 
worst-performing companies. Grouping the companies 
into three tiers, tier 1 (the best performers) improved 
their performance on the Responsible Mining Index by 
8 per cent, but tiers 2 and 3 improved their performance 
by 22 per cent and 41 per cent respectively. Progress 
is also confirmed by the Extractive Commodity Trading 
Report 2023, produced by the World Resources Forum, 
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together with the Responsible Mining Foundation (World 
Resources Forum and Responsible Mining Foundation 
2023). The Extractive Commodity Trading Report 
provided an assessment of the environmental, social and 
governance practices and due diligence mechanisms 
of 25 companies trading oil, gas, minerals or metals. 
While they identify progress, they find that overall the 
sector remains opaque, with no marked shift towards 
more responsible practices. For instance, very few 
companies monitor the efficiency of their due diligence 
procedures. Most of them only set expectations for their 
suppliers, with a lack of mechanisms for compliance 
assessment, supplier engagement and fixing potential 
non-compliance. Overall, due diligence is particularly 
weak on the mitigation of environmental risks along 
the supply chain, and only slightly stronger on illicit 
financial flows. The report finds no evidence from the 
few companies surveyed that disclosing financial data of 
public interest (such as taxes, annual turnover and type 
of purchases from governments) compromises business 
competitiveness. Most companies still consider this 
information confidential, creating a lack of accessible 
data to enhance green financing and the reduction of 
market development uncertainty.

The point that it can be done is borne out by the best 
practices in the dataset. While the average scores of 
the six thematic areas in the Responsible Mining Index 
Report only once exceeds 30 per cent, the collective best 
score (“an aggregate measure of the best results seen 
among all the companies across all the indicators in that 
area”) in these areas, is always between 60 per cent and 
80 per cent.

The 2022 Responsible Mining Index Report also 
shows that there is very considerable variation within 
companies between their scores in different thematic 
areas. Figure 6.9 shows this variation for the 40 
companies in the report, with the bars showing the 
range of scores, the bottom of the bar showing the 
lowest score, and the top of the bar the highest. Anglo-
American scores the highest in each thematic area and 
transversal issue except Working Conditions (its lowest 
score), where it comes second. The full scores for each 
company can be found in the Report.

For the purposes of this report, ‘responsible mining’ or 
‘mining with high-environmental, social and governance 
standards’, a phrase that occurs in Chapter 8 with 
Recommendations, means a score of 80 per cent in 
the six thematic areas and four transversal issues of 
the Responsible Mining Index methodology illustrated 
in figure 6.8. No company yet achieves this, but the 
Responsible Mining Index Report indicates that it 
is certainly achievable. The individual indicators in 
each thematic area are set out on the website of the 
Responsible Mining Index. For example, in the thematic 
area Environmental Responsibility, the individual 
indicators cover environmental stewardship, tailings 
management, noise and vibration, biodiversity and 
ecosystem management, climate change and energy 
efficiency, and hazardous materials management 
(Responsible Mining Foundation 2022).

mykhailo pavlenko © Shutterstock
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Figure 6.9: The highest and lowest scores for companies across the six thematic areas

Source: Responsible Mining Foundation (2022, p. 13).

Curioso.Photography © Shutterstock
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6.1.5 Tools and standards for 
sustainable finance

6.1.5.1 Sustainable finance taxonomies 

Sustainable finance taxonomies have been developed by 
countries around the world to help to establish clarity for 
investors on what is sustainable under environmental, 
social and governance frameworks (figure 6.10). Mining 
activities are both highly controversial for their potential 
environmental impacts, and essential to providing the 
minerals needed to meet global climate objectives. This 
ambiguity contributed to making the inclusion of mining 
in some sustainable taxonomies challenging (see also 
Section 4.4).

Taxonomies act as classification tools as well as public 
policy instruments to push for further regulations and 
norms. In principle, the purpose of every taxonomy is 
to mitigate the risk of greenwashing when redirecting 
financial flows towards green activities by setting criteria 

136	 The European Commission Sustainable Finance portal: https://ec.europa.eu/commission/presscorner/detail/it/qanda_19_6804.

for different categories. Enacted by governments, the 
development of taxonomies is obviously a political 
exercise, but is also intended to reflect scientific realities. 
At the international level, taxonomies can relate to 
purely “green” or “transition” activities. While “green” 
taxonomies are more popular, but static, transition and 
“brown” ones have higher dynamics and are aimed 
at including companies and assets that are making 
progress in reducing their environmental impacts. The 
European Union defines transition activities as those 
with no available low-carbon alternative; those that do 
not hamper the development and deployment of low-
carbon alternatives; and those that do not lock-in carbon-
intensive assets.136 

On a practical level, the European Union is evaluating 
the implementation of a “traffic-light system”, with red 
describing activities with very low potential to become 
compatible with the target of 2oC degrees and yellow 
referring to transitioning activities. This new proposal 
was developed as the binary (green/brown) distinction 
poses challenges for market operators. 

Figure 6.10: The international landscape of taxonomies
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The European Union taxonomy 

The European Union taxonomy for sustainable activities 
is the most ambitious and advanced taxonomy to 
date. Its development started in March 2018, when 
the European Commission adopted the Action Plan on 
Financing Sustainable Growth. In June of the same year, 
the European Commission set up the Technical Expert 
Group on Sustainable Finance with the aim of working 
on four fronts: (i) the European Union classification 
system to determine whether economic activities 
are environmentally sustainable; (ii) the creation of a 
European Union green bond standard; (iii) the European 
Union climate benchmarks; and (iv) the improvements of 
corporate disclosure of climate-related information. 

At the time of writing, the European Union is investigating 
possible extensions to avoid decreasing investment 
in the economic activities falling outside of the scope 
of the current taxonomy, as investors might wrongly 
perceive the absence of classification as a negative 
signal. This includes a range of activities needing finance 
to transition to higher performance levels, ranging 
from significantly harmful to low-environmental impact 
activities.137

The taxonomy is linked to the broader sustainable 
finance framework and related disclosure tools. 
The first tool to be released was the Non-Financial 
Reporting Directive (Directive 2014/95/EU of the 
European Parliament and of the Council of 22 October 
2014 amending Directive 2013/34/EU as regards 
disclosure of non-financial and diversity information by 
certain large undertakings and groups, with supporting 
implementation guidelines published in 2018) (European 
Union 2014), the objective of which is to deliver a 
complete corporate risk assessment with qualitative and 
quantitative information. The Corporate Sustainability 
Reporting Directive (Directive (EU) 2022/2464 of the 
European Parliament and of the Council of 14 December 
2022 amending Regulation (EU) No 537/2014, Directive 
2004/109/EC, Directive 2006/43/EC and Directive 
2013/34/EU, as regards corporate sustainability 
reporting), which came into force in January 2023, will 
effectively replace and extends the requirements of the 
Non-Financial Reporting Directive from 2024, asking 
all large companies, whether they are listed or not, to 
disclose how they manage social and environmental 

137	 The Extended Environmental Taxonomy: Final report on Taxonomy extension options supporting a sustainable transition: https://finance.
ec.europa.eu/system/files/2022-03/220329-sustainable-finance-platform-finance-report-environmental-transition-taxonomy_en.pdf.
138	 https://finance.ec.europa.eu/capital-markets-union-and-financial-markets/company-reporting-and-auditing/company-reporting/corporate-
sustainability-reporting_en.

matters.138 The Sustainable Finance Disclosure 
Regulation complements the Corporate Sustainability 
Reporting Directive, and has applied to financial sector 
companies since March 2021, with Technical Standards 
having been introduced in October 2022. 

Along with the Corporate Sustainability Reporting 
Directive, the European Union is currently finalizing the 
Corporate Sustainability Due Diligence Directive (Directive 
(EU) 2024/1760 of the European Parliament and of the 
Council of 13 June 2024 on corporate sustainability 
due diligence and amending Directive (EU) 2019/1937 
and Regulation (EU) 2023/2859), a comprehensive 
legislative framework to enforce corporate reporting and 
mitigate human rights and environmental impacts across 
companies’ own operations, subsidiaries and the entire 
value chain. It will also require companies to adopt and 
communicate on a climate transition plan. Companies 
may be held liable and face financial penalties if damage 
occurs because of non-compliance. The directive 
is expected to provide consistency across different 
directives, including the outgoing Non-Financial Reporting 
Directive, the Corporate Sustainability Reporting Directive 
and the Sustainable Finance Disclosure Regulation, and 
to harmonize due diligence laws and operations of the 
European Union as a single market.

The European Union taxonomy covers roughly 40 per 
cent of listed companies in sectors that contribute to 
80 per cent of direct greenhouse gas emissions. The 
disclosure obligations in the taxonomy apply to financial 
market participants offering financial products in the 
European Union. Large financial and non-financial 
companies that fall within the scope of the Non-Financial 
Reporting Directive (Corporate Sustainability Reporting 
Directive from the 2024 financial year, for reports 
published in 2025) are subject to the legal obligation 
to disclose whether their activities meet the European 
Union Taxonomy criteria, and must report according 
to the newly drafted European sustainability reporting 
standards (European Financial Reporting Advisory 
Group 2023). The same obligations are binding on 
financial market participants, such as asset managers. 
Furthermore, companies will need to disclose to what 
extent they plan to expand the financing of taxonomy-
aligned activities or how they plan to upgrade activities 
not yet taxonomy-aligned. 
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Beyond the mandatory clauses, companies can 
use the European Union taxonomy for multiple 
voluntary purposes. The taxonomy can help to attract 
environmentally-conscious investors, improve corporate 
reputations and promote best practices. It also serves 
as a strategic instrument to update, revisit and alter 
plans and strategies. At the policy level, the taxonomy is 
instrumental for other regulations. Under the Taxonomy 
Regulation (Regulation (EU) 2020/852 of the European 
Parliament and of the Council of 18 June 2020 on the 
establishment of a framework to facilitate sustainable 
investment, and amending Regulation (EU) 2019/2088), 
the European Union and its member States are obliged 
to use the taxonomy as the basis for labels of financial 
products that fall under the Sustainable Finance 
Disclosure Regulation. This piece of regulation imposes 
disclosure requirements for “sustainable investment” 
products and for financial products that claim to be 
promoting social or environmental features. 

In June 2023, the European Commission released new 
measures and proposals to strengthen the European 
Union Sustainable Finance Framework, including on the 
integrity of environmental, social and governance rating 
activities, to support companies and the finance sector 
and encourage the private funding of transition projects 
and technologies (European Commission 2023).

Beyond the European Union taxonomy

The proliferation of taxonomies across the world calls 
for a wide harmonization effort. Co-chaired by the 
European Union and China, the International Platform 
on Sustainable Finance encourages dialogues and 
when appropriate coordination on the development 
of shared methodologies and the harmonization of 
existing taxonomies. The Platform was set up in 2019 
by the European Union, Argentina, Canada, Chile, China, 
India, Kenya and Morocco. Since then, Indonesia, 
Norway, Switzerland, the United Kingdom of Great 
Britain and Northern Ireland and New Zealand have also 
joined the Platform. Moreover, taxonomies are not just 
developed by sovereign states, but also by the private 
sector (Canada) (Robinson-Tillett 2019) and academia 
(Japan) (Milburn 2020), as well as by non-governmental 
institutions (Climate Bonds Initiative (Climate Bonds 
Initiative 2021) and the International Organization for 
Standardization). 

Ensuring comparability across multiple taxonomies 
is urgent. The taxonomy of Singapore is based on the 
(International Standards Industrial Classification of all 
Economic Activities, while the European Union taxonomy 
uses the Nomenclature of Economic Activities. The 
Chinese, Mongolian, Malaysian, South African and 
Bangladeshi taxonomies do not have economic activities 
associated with industrial codes, making comparison 
harder. Taxonomies also differ depending on the market 
to which they refer. While some taxonomies use a 
project-based approach that might be more suitable 
for investments in interest-earning bonds (debt market) 
issued by corporations and governments, others have 
an activity- and entity-based classification that facilitates 
investment in shares of individual companies (equity 
markets). The Green Bond Endorsed Project Catalogue 
of China is a project-based taxonomy exclusively 
used for bond markets, while the European Union 
uses economic activities as classification units. Other 
taxonomies (e.g. the Mongolian taxonomy) are suitable 
for multiple financial instruments, including loans, bonds, 
equity investments or insurance. Finally, taxonomies 
can be used as tools for supervisory activities and to 
conduct sustainable investments (e.g. the Malaysian or 
Bangladeshi taxonomies). 

The European Union taxonomy is an important step to 
ensuring the quality of ‘sustainable finance’ and an increase 
in flows of such finance. However, so far it has a clear focus 
on climate emissions and tackling biodiversity concerns, 
which are equally relevant to reducing climate-induced risks, 
albeit only to a limited extent.

In the European Union Sustainable Finance Disclosure 
Regulation, an economic activity is considered to 
significantly harm the protection and restoration of 
biodiversity and ecosystems, where that activity is 
significantly detrimental to the resilience of ecosystems, 
or detrimental to the conservation status of habitats 
and species. One of the indicators refers to the share 
of investments in investee companies with sites or 
operations locations in or near to biodiversity-sensitive 
areas where the activities of those investee companies 
negatively affect those areas. However, the technical 
screening criteria merely set minimum standards for 
environmental protection and restoration activities and for 
accommodation activities. As a result, while biodiversity-
related concerns are covered by the taxonomy regime, the 
respective provisions need to be concretized. 
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This is also true for the forthcoming Corporate 
Sustainability Due Diligence Directive, which does 
not clearly specify what is meant by a company’s 
environmental obligations. In addition, social indicators 
are not yet well developed in the Sustainable Finance 
Disclosure Regulation and the respective framework, 
meaning that companies’ obligations are not always 
clearly specified.

It is therefore clear that the European Union and other 
countries are at the beginning of the journey towards 
enhancing and regulating responsible sustainable 
finance. In parallel to the United Nations Guiding 
Principles on Business and Human Rights, concrete 
guiding principles on business and the environment 
could help to bring about more holistic approaches 
(International Resource Panel [IRP] 2020). This approach 
could also be extended to the social obligations of 
businesses.

Market-based taxonomies

Market-led taxonomies can also serve as a sustainability 
financing mechanism. Released for the first time in 2013, 
the taxonomy of the Climate Bonds Initiative is the most 
widely and recognized tool providing comprehensive 
assessments and overview of green investment 
opportunities. The Climate Bonds Initiative Taxonomy 
constitutes the bulk of the Certification Scheme for 
Climate Bonds of the Climate Bonds Initiative, which 

covers US$150 billion in bond issuance. The Climate 
Bonds Initiative uses its proprietary classification to 
determine whether investments are suitable for inclusion 
in its green bonds list. There are different levels of 
granularity (figure 6.11) and a traffic-light system allows 
a more flexible configuration. Assets are attributed 
“green” if they are automatically eligible, “orange” if they 
meet some of the screening criteria and “red” when they 
are deemed ineligible. 

The taxonomy is a detailed classification of over 160 
assets. Industry-wise, its current scope is energy, 
transport, water, buildings, land use and marine 
resources, industry (including cement, steel, iron, 
aluminium, glass, chemical and fuel production), waste 
and information and communications technologies (ICT). 

Beyond the Climate Bonds Initiative taxonomy, examples 
of market-led taxonomies include the upcoming 
Green Taxonomy of the International Organization for 
Standardization (ISO). As the worldwide federation 
of national standard bodies, ISO is developing an 
internationally applicable standard on “Environmental 
performance evaluation – green debt instruments”, 
which will provide guidance, requirements and 
verification of green bonds. Strongly inspired by the 
European Union taxonomy, the ISO version is aimed at 
being applicable worldwide by recognizing contextual 
specificities. 

Figure 6.11: The Climate Bonds Initiative taxonomy structure

Note: CCS: carbon capture and storage; RE: renewable energy; PV: photovoltaic

Source: Pfaff et al. (2021)
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6.1.5.2 Sustainable taxonomies and mining

Mining has proved problematic for green taxonomies 
because the mining sector remains environmentally 
highly controversial, while at the same time having an 
essential role in providing minerals that are critical for 
low-carbon technologies and many other sectors. Mining 
is absolutely necessary to meet the global climate 
objective of limiting the temperature increase to well 
below 2oC, but it needs to do so in a way that has a much 
lower environmental impact.

These twin imperatives of mining are revealed by the 
history of their consideration in relation to the European 
Union taxonomy. In June 2019, the Technical Expert 
Group on Sustainable Finance set up by the European 
Commission to provide technical inputs on the screening 
criteria, published a Taxonomy Technical Report 
(European Union Technical Expert Group on Sustainable 
Finance 2019) that stated that “mining is an important 
sector both in terms of avoiding bottlenecks in the 
deployment of low-carbon technologies by providing the 
critical materials needed for low-carbon technologies, 
as well as the value chain link with energy-intensive 
manufacturing sectors”. The Technical Expert Group 
recommends that the platform analyses the role played 
by the sector in terms of enhancing the availability of 
the critical materials needed for current and future 
technologies to create a climate neutral, circular and 
resource-efficient economy, while sourcing raw materials 
in a sustainable and responsible way, with a view to 
considering the ‘greening’ potential of the sector. In 
addition, minimizing the impacts of the extractive 
industry could make a significant contribution to climate 
change mitigation. The Technical Expert Group was not 
able to complete work for this sector owing to “time 
constraints and the complexity of the issues”, and, 
possibly, political divergences. In the end, the mining 
sector was not included as a sustainable activity in the 
European Union taxonomy. Chile and Canada, in contrast, 
include mining in their taxonomies as “transitional 
activities”. The potential for digital technology to 
contribute to the transparency of the sustainability and 
responsibility of mineral production is well illustrated by 
the use of blockchain in value chains (see box 6.2).

Box 6.2: New frontiers of financing 
for the mining and metals industry

Blockchain technology is redrawing the frontier 
of possibilities for many sectors. Blockchain is a 
permanent and cryptographically secure archive 
of records stored in a database consensually 
shared and synchronized across multiple sites 
(i.e. distributed ledger). Blockchain facilitates the 
exchange of critical documents in a secure fashion 
and improves transparency within an industry 
and across the whole value chain. The benefits 
of blockchain include digitalized contracts, faster 
transactions, compliance with legal standards and 
potential tracking of sustainability parameters. 

In the field of sustainability, blockchain can detect 
if and to what extent companies are compliant with 
their pledges and the good practices they have 
signed. Blockchain can track the whole supply 
chain by storing and recording all the transactions 
along it, potentially storing these records as a 
‘product passport’. Initiatives in blockchain for 
mining are still few and at the very early stages. 
At the time of writing, the start-up Minerac is 
forming a consortium with financial institutions to 
improve supply chain management and mineral 
commodities trading and to boost sustainable 
practices. 

kittirat roekburi © Shutterstock
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6.1.5.3 Supporting sustainable finance: 
development banks

Multinational and development banks, as well as 
international institutions are pioneers in supporting 
sustainable finance programmes and mobilizing private 
and public funds. They support the improvement of 
measurement and valuation tools, data availability and 
analyses of development risk and opportunities on 
natural resources. This can help to establish de-risking 
mechanisms enabling the integration of sustainability 
considerations into policy, regulatory and corporate 
decision-making, as well as into financial markets to align 
financial flows with the sustainable development goals. 
The World Bank Global Program on Sustainability139 
promotes a data-informed decision-making process for 
countries capable of including natural capital, ecosystem 
services and sustainability considerations. The Global 
Program on Sustainability builds countries’ capacity 
to improve natural capital accounting and measuring. 
This information is critical to shift investments, build 

139	 https://www.worldbank.org/en/programs/global-program-on-sustainability.
140	 https://esgdata.worldbank.org/?lang=en

awareness and promote biodiversity protection and 
economic growth opportunities. 

The Sovereign ESG Data Portal140 is the second of 
the currently operating initiatives under the flagship 
sustainable finance work programme of the World Bank. 
The portal is an investor-oriented data infrastructure 
that helps to detect and assess risks and opportunities 
associated with environmental, social and governance 
dimensions. It incorporates data relevant to all the 
Sustainable Development Goals, but organizes them by 
environmental, social and governance themes. To date, 
data on mineral resources populate the natural capital 
endowment and management indicator, under the 
Environment theme. Between 1995 and 2014, the World 
Bank estimated that out of 28 middle-income nations, 23 
were highly dependent on natural (and non-renewable) 
capital (Lange et al. 2018). The Sovereign ESG Data 
Portal offers a new way of computing the wealth of 
countries and has the potential to redirect investments 
towards a new set of nations.

Box 6.3: A global initiative inspired by the Sustainable Development Goals: 
The Extractives Global Programmatic Support

In relation to mining and the sourcing industry, the World Bank launched the Extractives Global 
Programmatic Support. This is a multi-donor trust fund facility that helps resource-dependent developing 
countries to manage their oil, gas and mining resources to support policy goals and sustainable growth. 
The Extractives Global Programmatic Support works on four components. First, it strengthens transparency 
and accountability through the Extractive Industries Transparency Initiative. Second, it assists governments 
in sector reforms and resource governance by co-designing evidence-based decision-making processes with 
target countries. Here, the Extractives Global Programmatic Support makes use of specific tools, such as 
the Mining Sector Diagnostic Tool, and feeds a global knowledge open platform (an example in figure 6.12). 
Third, the Extractives Global Programmatic Support supports the development of resilient local economies 
by activating regional synergies and by promoting innovation. Finally, the Extractives Global Programmatic 
Support engages in boosting environmental protection and social inclusion in extractive industries’ 
operations while supporting effective solutions to mitigate the sector’s potentially adverse effects. This 
component targets both artisanal and small-scale mining communities and large-scale mining operations. 
The outcomes of this work include the creation of the Delve Platform (see Chapter 7), the first global 
database for artisanal and small-scale mining data, and the launch of two environment-focused initiatives: 
the Climate Smart Mining and Just Transition initiatives.
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Figure 6.12: An example of outcomes of the Extractives Global Programmatic Support programme

Source: African Mining Legislation Atlas141.

The Extractives Global Programmatic Support also responded to the coronavirus disease (COVID-19) crisis and 
identified two action areas: (i) understanding the economic impacts of reduced and halted mining operations 
for developing economies; and (ii) addressing the impacts of the COVID-19 crisis on local communities 
dependent on artisanal and small-scale mining.

141	 https://www.a-mla.org/en
142	 See Financial Conduct Authority Handbook of rules and guidance: https://www.handbook.fca.org.uk/.

6.1.5.4 Enabling sustainable finance: 
sustainability-labelled financial products

As the sources of finance for the Sustainable 
Development Goals differ from one another, so do 
financial instruments to raise or invest capital, as shown 
in figure 6.13. Instruments can normally be divided 
into cash-in instruments, with values that are directly 
determined by the markets, and derivative instruments, 
which are “secondary” investments deriving their value 
from the speculation of the future value of underlying 
assets.142 They can also be divided according to their 
asset class: debt-based, such as a loan offered by an 
investor to the asset owner, or equity-based, representing 
ownership of a share of the asset. The choice of the 
instrument depends on a variety of factors, including 
the risk of the project, the risk appetite of investors and 
capital availability. Thapana_Studio © Shutterstock
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Figure 6.13: Financial instruments for Sustainable Development Goal finance

Source: Technical Report for Sustainable Development Goal Finance Taxonomy, China (China International Centre for Economic and Technical 
Exchanges and United Nations Development Programme 2020)

The main difference between instruments linked to the 
Sustainable Development Goals and their traditional 
application is the focus on the impact they produce 
and the type of activity they finance. Taxonomies 
are therefore useful to pick the most sustainable 
investments and to apply the most appropriate 
instrument to them. Beyond traditional markets, 
decentralized finance ecosystems are maturing and 
taking advantage of existing shocks on the financial 
intermediaries’ markets (Yan et al. 2022). 

The next part of the Chapter provides concrete details 
about financial products and how they can be used to 
direct sustainable finance towards the mining sector.

Curioso.Photography © Shutterstock
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6.2 FINANCING SUSTAINABLE MINING 
PRACTICES

Large investments are needed to grow the supply of key 
minerals quickly and sustainably. Owing to the long lead 
times for large-scale mining and reduced investments in 
the past decade, gaps in supply are possible, especially 
for lithium, nickel, graphite, cobalt, neodymium and 
copper (Energy Transitions Commission 2023), and 
the resulting price volatility may hamper overall energy 
transitions. Despite the important environmental and 
social challenges associated with extractive activities, 
the production of transition minerals will result in much 
fewer cumulative life-cycle emissions than the current 
fossil fuel-based system (15–30 GtCO2e then fall to zero 
over time, compared with yearly ~40 GtCO2e emissions) 
(Energy Transitions Commission 2023). 

Similarly to sustainable finance, sustainable mining does 
not have a unique, shared and unequivocal definition 
(Laurence 2011). While some view sustainability as 
the minimization of harmful impacts from the industry 
(Gorman and Dzombak 2018), others think that 
sustainability arises from a more systematic focus on 
the mining and metals industry in the areas of economy, 
environment, efficiency, community and safety (Laurence 
2011). Environmental stewardship ensures that mining 
practices are compliant with environmental laws to 
safeguard water and land resources, control pollution 
and protect ecological values (Gorman and Dzombak 
2018; Schoenberger 2016). The International Resource 
Panel (IRP) report on mineral governance proposed a 
protocol for the minimum necessary reporting of mining 
operations to assess their environmental impact (IRP 
2020, p. 311). The social dimension is focused on the 
need for continuous approval of extractive operations 
from the local stakeholders that are affected by them. 
Economic considerations entail the assessment of 
mining profitability and productivity so as to create 
value that is shared by shareholders, employees, 
consumers and communities, as well as the creation 
of just opportunities for all (Pavan Kumar 2014). The 
multitude of existing initiatives and proposals for 
sustainable mining reflect and capture one or more of 
the sustainability domains to differing degrees. Issues 
of efficiency (i.e. effective resource management) and 

human and environmental safety are often given less 
emphasis in these initiatives (Gorman and Dzombak 
2018). Sustainability assessments of different minerals 
need to take all these factors into account, while 
common and shared rules about good practices are 
critically important for the sourcing, processing and 
smelting processes relating to minerals that feed into 
multiple economic sectors. 

Sustainable finance also needs to go hand in hand 
with curbing illicit financial flows. Sustainable finance 
regulations should not only ensure transparency, but also 
prohibit aggressive tax avoidance schemes (e.g. strategic 
transfer pricing (Brugger and Engebretsen 2022) and 
commodity mispricing (Musselli and Bürgi Bonanomi 
2022)), enable simplified approaches to taxation in 
exporting countries, as well as facilitating approaches of 
unitary taxation across complex company structures, but 
in a development-friendly way.

6.2.1 Instruments for sustainable 
finance in mining

Funding to mining companies can be allocated through 
the financial sector through three general mechanisms.

Equity financing involves selling equity shares of the 
business through either public or private markets. 
Seasoned (or secondary) equity offerings offer additional 
shares in a business if the company is already listed in 
the public market. In private markets, private placements 
are the most popular tools used by junior companies 
to raise capital. Alternative financing options may 
be more appropriate for high-risk junior companies 
whose success is not guaranteed. There are two main 
alternative financing options:

	z Royalty deals involve getting up-front lump sum 
payments in return for a small percentage of 
revenues or profits generated by future activities.

	z Streaming deals involve getting a series of milestone-
based payments in return for selling at a fixed price a 
portion of future production or by-product.
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Debt financing is the most common instrument used 
for mines in production, with the mine usually used 
as collateral to obtain a loan and lower the risk for 
the lender. Loans can be of two types: recourse and 
non-recourse. In the event of a default on a loan, non-
recourse loans only entitle the creditor to the collateral 
that was placed against the loan, while recourse loans 
allow the creditor to pursue other assets as well, if the 
collateral does not cover the loan. 

Internal funds are financial resources generated by 
mines operating profitably (after tax) or by property 
sales. 

All these instruments can be deployed under certain 
conditions to raise capital as sustainable finance. The 
sustainable debt market is generically defined as a 
fixed-income instrument with environmental, social and 
governance purposes. According to Bloomberg New 
Energy Finance, the 2021 global sustainable debt market 
reached a size of more than US$1.7 trillion (111 per cent 

more than in 2020), with green bonds and sustainability-
linked loans as the preferred instruments for financing 
operations (respectively US$631 billion and US$495 
billion). Cumulatively, by 2022 the issue of sustainable 
debt finance was close to US$5 trillion (figure 6.14). 

Instruments for sustainable finance can be broadly 
categorized as activity-based and behaviour-based 
debt (table 6.2). The former includes green bonds, 
social bonds, sustainability bonds and green loans. 
The instrument is used to finance or refinance eligible 
activities. The latter ties a financial feature of the debt 
– for example, the coupon – to the achievement of a 
sustainability target. In contrast to activity-based debt, 
activities financed by behaviour-based debt are related 
more to internal environmental, social and governance 
targets than external sustainability outcomes; the 
activities performed are not required to be sustainability-
focused. 

Figure 6.14: The sustainable finance market (US$billion)

Source: Bloomberg New Energy Finance, Sustainable Finance Data, accessed 2022. 
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Table 6.2 : Different types of sustainable debt and their market shares between 1996 and June 2021

Debt type Debt style Purpose Market size 
(billion dollars)

Proportion of 
sustainable 

debt (per cent)

Green bond Activity-based Environmental projects 1.458 45.7

Green loan Activity-based Environmental projects 550 17.3

Sustainability-linked loan Behaviour-based Institutional environmental, social and governance targets 532 16.7

Social bond Activity-based Social projects 343 10.8

Sustainability bond Activity-based Environmental and social projects 246 7.7

Sustainability-linked bond Behaviour-based Institutional environmental, social and governance targets 60 1.9

Source: Bloomberg New Energy Finance.

143	 See Sustainable Debt Global State of the Market, Climate Bonds Initiative (2022): www.climatebonds.net/resources/reports/global-state-
market-report-2022.

Transition bonds are debt instruments tailored for 
heavy polluters and high-emitting industries to raise 
alternative sources of sustainable capital. While 
green bonds are normally aimed at innovation and 
investment in green technologies by companies in 
‘green’ sectors, transition bonds can provide companies 
in ‘brown’ sectors with funding to transition to the new 
technologies developed. Rather than offering pricing 
benefits to the issuers, they signal to investors their 
willingness to engage in a transition pathway and in 
(mostly) decarbonized operations. Transition bonds are 
particularly interesting to mining companies as they 
help companies to shift from high carbon dioxide to 
lower carbon dioxide activities while not being labelled 
as “green” or “sustainable”. However, the use of transition 
bonds is highly controversial, as critics see it as a product 
lacking clarity for investors and potentially misleading 
them on the green credentials of transitioning companies. 
The International Capital Market Association published 
the Climate Transition Finance Handbook (International 
Capital Market Association 2023), which provides support 
in communicating to investors the intention to use these 
instruments. The Climate Bonds Initiatives provides up 
to date analyses of the green, social and sustainability 
markets, sustainability-linked bonds and transition bonds 
in its “Global state of the market” report.143

As the risk of greenwashing remains high, the developing 
regulations, taxonomies and environmental, social and 
governance standards presented earlier in this Chapter 
(Section 6.1.4. and 6.1.5.) are required to avoid the misuse 
of transition bonds to cover highly polluting activities.

6.2.2 Financial markets and 
environmental, social and governance 
requirements for large-scale mining

The different environmental, social and governance 
frameworks presented earlier target the core actors 
in the financial value chain: companies and investors, 
including shareholders. Reporting and disclosure bind 
both companies and investors, while shareholders 
exert extra power and can learn from climate-related 
disclosures about their investments’ exposure to 
present and future risks. However, markets are different 
and so are their needs, requirements, interests and 
skills. Financial markets relevant to minerals can be 
categorized in three types: commodity, equity and bond 
markets. Commodity markets are important for metals 
and are normally regulated by authorities constituted 
on an ad hoc basis. Within equity markets, which 
trade shares of individual companies, investors do not 
normally invest in a single company per transaction, but 
rather purchase stocks in multiple companies. Bond 
markets (debt markets) are populated by the exchange 
of contracts with repayment schedules and interest 
rates. In equity and bond markets, investors finance 
mining companies directly, whereas in commodity 
markets, which are derivative markets, investors 
speculate as to the price volatility of a given commodity 
or products. Investors can be investment companies, 
hedge funds or producers of metals (the companies 
themselves). The price of internationally traded 
commodities set by commodity markets is used to 
benchmark the contract between mining companies and 
consumers of metals. The exchanges are not exclusively 
driven by market fundamentals: prices can change 
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depending on the short-term view of actors on these 
markets (speculation). As financial operators cannot 
directly engage with mining companies, but can influence 
commodity prices, investors do not have the power to 
influence their practices. 

However, in 2019, the London Metal Exchange 
issued its responsible sourcing requirements in its 
function as exchange regulator144. Disclosures under 
these requirements are voluntary and they apply to 
internationally traded metal commodities: aluminium, 
nickel, cobalt, copper, lead, tin and zinc. The rationale 
behind the responsible sourcing requirements derives 
from: (i) the ethical responsibility of the industry; (ii) 
the commercial imperative to guarantee that the price 
somehow reflects the value of responsibly sourced 
metals; and (iii) the request of stakeholders to engage 
in responsible practices. The London Metal Exchange 
requirements are structured on the OECD Due Diligence 
Guidance for Responsible Supply Chains of Minerals 
from Conflict-Affected and High-Risk Areas and stress 
the need for transparency along the value chain. 
The London Metal Exchange requirements do not 
discriminate between large-scale and artisanal and 
small-scale mining. On the contrary, they recognize that 
despite carrying different risks, all are equally important. 
The requirements are therefore provided for both 
sourcing approaches. 

In the stock markets, investors hold shares of companies 
they are interested in buying. Environmental, social 
and governance performance and high environmental, 
social and governance ratings help mining companies 
to attract the capital they need for exploration and mine 
development activities (EY 2022, EY 2024). Companies 
demonstrating strong financial and non-financial 
performance will be rewarded in periods of tight capital 
availability. Non-financial performance can be strongly 
influenced by the action of shareholders who can provide 
scrutiny of their investments. The attention of investors 
to environmental, social and governance issues was 
enhanced after the Córrego do Feijão tailings dam 
failure, which occurred at Brumadinho, Brazil in 2019, 
killing 270 people and devastating the local environment. 
This catastrophe, involving one of the largest global 
mining companies, attracted huge international media 
coverage and had a negative impact on the public 
perception of the minerals and metals industry, further 
fuelling distrust and opposition to minerals and metals 
production projects. Some important constituents 

144	 https://www.lme.com/en/Sustainability-and-Physical-Markets/Sustainability/Responsible-sourcing
145	 https://mining2030.org/.

of the finance industry also strongly reacted to the 
event, which triggered The Investor Mining and Tailings 
Initiative. The Initiative, led by the Church of England 
Pensions Board and the Swedish Council on Ethics, 
includes more than 100 investors with US$20 trillion 
assets under management (Hopkins and Kemp 
2021). The Initiative tackles safety matters rather than 
environmental concerns. The Initiative is an example of 
the role of finance in driving change: investors requested 
a tailing information disclosure that eventually reached 
726 publicly listed extraction companies, leading to 
risk-related data disclosure on 1,743 tailings storage 
sites (Franks et al. 2021; Diehl 2021). The results 
of the disclosure process revealed some important 
shortcomings in the way tailings dams are built and 
their exposure to frequent risks. This Initiative led to 
the launch, in January 2023, of the Global Investor 
Commission on Mining 2030145 to broaden the Investor 
Mining and Tailings Initiative in scope and membership. 

Close scrutiny can also take place in the bond market, 
where there has been significant growth for the mining 
sector both in numbers and in transaction values (figure 
6.15). Metals and mining (included as “Materials” in 
figure 6.15 (right-hand side)) registered a record number 
of transactions (33) in 2021 reaching US$14.9 billion 
in line with the increasing relevance of the sector. As 
“Materials” acquire new interest for investors, principles 
and tools help them to discriminate between sustainable 
and unsustainable practices. There are four sets of 
principles relevant to mining companies: the first three 
were developed by the Loan Market Association, while 
the last one is industry-led and industry-specific. 

Christyam de Lima © Shutterstock

241

CHAPTER 6: Sustainable finance for responsible mining

https://mining2030.org/


Figure 6.15: The growth of bond markets for mining
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6.2.2.1 The Green Loan Principles and Social 
Loan Principles

The green loan market is aimed at facilitating the 
development of environmentally sustainable economic 
activities. The Green Loan Principles were designed 
to promote the integrity and diffusion of green loan 
products. They are a set of voluntary recommended 
guidelines applied by market operators on a deal-by-deal 
basis depending on transaction-specific characteristics. 
They clarify how and why loans can be labelled as 
“green”. Four criteria apply:

	z Use of proceeds: the loans must specifically address 
green projects that generate environmental benefits.

	z Process for project evaluation: the borrower is called 
to clarify to the lender the criteria and the methods 
used to label the project “green”.

	z Management of proceeds: to guarantee 
transparency, the proceeds of loans should be 
credited to a dedicated account.

	z Reporting: achieved impacts should be noted and 
recorded. Public disclosure can support effectiveness 
in outcomes.

The Social Loan Principles mirror the Green Loan 
Principles and share with them the four criteria. However, 
the focus is different since the Social Loan Principles 
target projects that enhance social value or are aimed at 
specific social issues.
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6.2.2.2 Sustainability-Linked Loan Principles

The Sustainability-Linked Loan Principles try to 
encourage good practices from borrowers by linking 
the pricing of a loan to the achievement of a particular 
sustainability target (Sustainability Performance Target). 
These Targets can be included in the loan agreement. As 
for the Green Loan Principles, four criteria apply:

	z Relationship to borrower’s overall corporate social 
responsibility strategy: the lender should be informed 
about the sustainability strategy of the borrower. 

	z Target setting – measuring sustainability: the 
Sustainability Performance Target should be 
ambitious in relation to the borrower’s business and 
third parties may be consulted for technical opinions.

	z Reporting: records on the Sustainability Performance 
Targets should be kept and disclosed to lenders and 
the public

	z Review: in the case of publicly traded companies, 
lenders can rely on the public disclosures of the 
borrowers. Otherwise, borrowers can be required to 
seek independent and external review.

To meet the target of a transition compatible with the 
Paris Agreement, very large investments are required 

across all stages of the mineral supply chain: from 
exploration to mine closure and reclamation. This section 
explores these issues from the perspective of large-scale 
mining. Artisanal and small-scale mining is the subject of 
Chapter 7.

The estimation of required cumulative investments 
poses challenges owing to uncertainties in forecasting 
future mineral demand and associated costs. 
Technology development pathways and policy shape 
future projections (Morgan Stanley 2021). Mineral-
specific factors and country contexts also influence 
estimates. Market and academic research often use 
different years of reference, which creates hurdles to 
comparing and cross-checking forecasts. 

Figure 6.16 shows the estimates of the International 
Energy Agency in its Net Zero Emissions scenario of 
anticipated against required investment to meet the 
1.5oC temperature target. It can be seen that there is 
a considerable investment gap for some of the most 
important metals. For copper, lithium and nickel, 
announced investment will have to be doubled if 
adequate supplies of these metals are to be available 
when required for the clean-energy transition. 

Figure 6.16: (a) Anticipated investment in mining of energy transition minerals by region or country and (b) 
required investment over 2022 - 2030 under the Net Zero Emission scenarios of the International Energy Agency
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6.2.3 The need for patient capital

It has been seen that mining, and in particular opening 
new mines, is a lengthy, as well as costly, process. 
The International Energy Agency estimates that the 
time taken from exploration, through discovery, to 
production is an average 17 years (International Energy 
Agency 2021) (p. 122). As a result, while investments 
in greenfield mining projects are necessary and should 
be financed immediately, they are not sufficient to meet 
near- and medium-term demand for transition minerals, 
which will also need to be met through the expansion 
of existing mines. This will require patient (long-term) 
capital, and confidence in growing demand, to see 
through the long waiting times and heavy upfront costs. 

Patient capital includes private and public actors, but 
also international financiers such as the International 
Finance Corporation. As a lending institution, the 
International Finance Corporation uses different 
investment types (figure 6.17): loans (including 
project and corporate finance or on-lending through 
intermediaries), equity (up to 20 per cent of a company’s 
equity), syndications (capital mobilization to serve 
development needs) and risk management services 
to hedge clients’ exposure. The International Finance 
Corporation combines capital with industry expertise, 
but also leverages its supranational role to de-risk some 
investments considered too uncertain for private actors. 
As an investor, the International Finance Corporation 
has a long-term equity view (average a 6–8 year 
holding period) and a longer debt attitude (up to 15-year 
maturity).

Figure 6.17: The International Finance Corporation investment types span across different stages of the mining 
supply chain
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1 Indicative time range depending on project size, quality, location and sponsor. 

Source: International Finance Corporation (2017).
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The International Finance Corporation uses a 
comprehensive risk assessment of projects considered 
for financing. The due diligence phase includes the 
assessment of business, environmental, social and 
economic risks and opportunities. Mining projects are 
assessed against the Equator Principles and internal 
sustainability standards, also inspiring the Climate-Smart 
Mining Initiative (World Bank 2019). Environmental and 
social project-related information is disclosed to the 
public and open to comments while the conditions of 
disbursement, covenants and monitoring requirements 
are agreed with the client. 

As of July 2023, the committed portfolio of the 
International Finance Corporation in mining was 
US$835 million, 45 per cent of which is invested in 
copper. The International Finance Corporation is the 
largest multilateral source of debt and equity financing 
for the private sector in emerging and developing 
countries. In June 2022, Anglo-American received a 
US$100 million sustainability-linked loan to support rural 
communities close to mining operations in South Africa 
(International Finance Corporation 2022a). 

Among patient and solid capital providers, 
governments play a crucial role. Domestic critical 
minerals strategies typically offer incentives and 
capital to support the development of the mining 
sector at home. The Canadian Critical Minerals 
Strategy provides Can$ 3.8 billion (US$ 2.8 billion) 
over eight years to invest in adequate infrastructure 
and exploration tax credits. The United States Inflation 
Reduction Act, in contrast, contains incentives for 
electric vehicle manufacturers to source battery 
metals within the United States of America. In 2021, 
the Government of Australia established a Critical 
Minerals Strategy worth $A 2 billion to support 
projects involved in the extraction and processing 
of minerals via preferred terms loans. Financing is 
also a powerful option to secure mineral supply when 
domestic mineral resources are scarce. For example, 
the Japan Bank for International Cooperation has 
separate financing guarantees for mineral resource 
development projects in the development and 
production stages. In France, the Government has 
committed €500 million to foster domestic industry 
resilience to disruptions along the supply chain. Part of 
that policy works as a dedicated investment fund that 
protects French companies from disturbances at the 
global level (French government, 2022). 

6.2.4 Financial instruments along the 
mine life cycle

The financial mechanisms and instruments outlined in 
the previous section need to be deployed in different 
ways at different parts of the value chain.

Geological survey

Geological surveys and geological information can be 
considered public goods as they inform decision-making 
processes through the transformation of raw data into 
knowledge (Bernknopf and Shapiro 2015). Updated 
geological surveys and improved international data-
sharing can alleviate past under-investment and long 
project development lead times, and help to expand the 
existing supply (Energy Transitions Commission 2023). 
The collection, processing and dissemination of data 
involve costs (both in terms of equipment and specialized 
personnel): financing these activities is crucial to 
supporting the mining capacity and economic prosperity 
of resource-rich countries, as well as the involvement of 
resource-scarce nations in the procurement of critical 
material. As noted in Chapter 5, the main source of funds 
for geological surveys is public finance.

Exploration

Financing options for this stage typically involve the 
use of equity financing through stock exchanges, which 
traditionally involve two financing routes:

	z Listing of a public company via an initial public 
offering: the company’s owners prepare a prospectus 
and outline its ambitions. Existing drilling samples 
(when available) are used to generate demand for 
the shares. As at this stage of the mining process, 
most companies do not own any revenue-generating 
assets; most stock exchanges are uninterested 
in listing them. The most popular markets and 
mechanisms are:

	| Toronto Stock Exchange and Venture Exchange, 
which list 42 per cent of total existing globally 
listed mining companies. The Toronto Stock 
Exchange and Venture Exchange listed companies 
have made over 6,700 financing deals in the 
previous five years (as of 2023), raising $44 
billion. The Toronto Stock Exchange is focused on 
senior issuers and the Venture Exchange on junior 
companies in need of growth capital. Its success 
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with exploration companies is mostly owing to 
the presence of minimal listing requirements: 
companies are required to have working capital 
to meet a minimum 12 months of operating 
expenses, but no tangible asset is required.

	| Alternative Investment Market in London

	| Australian Securities Exchange 

	z Reverse takeover: this is still a public market route, 
but involves the take-over of an already existing 
company with no operating assets. The reverse 
takeover is an agile system that avoids incurring 
listing costs. A programme to facilitate this process 
is the Capital Pool Company Program of the Toronto 
Stock Exchange, which “enables seasoned directors 
and officers to form a Capital Pool Company with 
no assets other than cash and no commercial 
operations, list it on TSX Venture Exchange, and raise 
a pool of capital” (Toronto Stock Exchange 2022). 

Please refer to Chapter 5 for further details on the 
Toronto Stock Exchange and the Australian Securities 
Exchange.

Evaluation

Following exploration, any discovery needs to be 
evaluated in detail, which also requires financing through:

	z Royalty agreements: the evaluating company receives 
money up-front from an investor, who gets a guarantee 
of a percentage of revenues over the life of the mine.

	z Earn-in ventures (quite unique to the mining sector, 
especially for gold): an agreement between a more 
cash-rich company and the exploration project. The 
cash-rich entity has the option to acquire a certain 
percentage of any mining venture based on funding 
milestones. The larger the investment of the earn-in 
partner in the evaluation of the ore body, the larger 
the percentage of ownership. 

	z Joint ventures: a business arrangement between 
companies with complementary strengths and 
resources. In mining, this is often between junior and 
senior companies, but joint ventures can also be the 
association of several junior companies or of State-
owned and private companies.

	z Streaming transactions: they have similarities with 
royalty agreements in that mining companies receive 
a cash up-front payment for future production. 
Streaming deals are normally focused on specific 
commodities in a project, such as a metal by-product. 
The streaming partner will receive a physical share 
of the future production at a discounted price, rather 
than a share of the revenue.

Production

Once the mine has been built, the company produces 
profitably and reaches greater exposure to investors. 
Mining companies can make use of traditional equity and 
debt financing options or alternative and hybrid financing 
options providing better terms. For instance, streaming 
transactions involve both upfront and follow-up payments 
and are a cheaper option than equity and a safer one than 
debt. Debt financing usually involves project facility loans. 
These are agreements between a lending institution (i.e. 
a bank) and a mining company set up as non-recourse 
loans. In addition, internal funds, which include all cash 
flow generated by the business itself, can be used to 
expand production, increase efficiency, repay existing 
debts or diversify portfolios.

Mine closure

Once operations have been completed, the industry 
has a responsibility to leave a legacy that is socially 
acceptable and environmentally sound. This stage of 
mine closure needs to be planned from the very early 
stages of the project if it is to be implemented efficiently 
and without controversy. According to the International 
Council on Mining and Metals, mine closure entails 
“actions planned for and implemented when a mine 
ceases operations or a portion of a mine (or mine facility) 
is permanently removed from use for mining purposes, 
including rehabilitation or reclamation, remediation, 
decommissioning, demolition and/or dismantling” 
(International Council on Mining and Metals 2019). 

Mine closure operations must be considered at the 
beginning of the project using a life-of-asset cost 
estimate. Such estimates are produced internally by the 
company and include the total cost of implementing 
closure. These estimates are usually essential to gain 
approval from regulators and stakeholders (European 
Union 2021).
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Mine closure operations must be disclosed publicly 
using the financial liability cost estimate (Peck and 
Sinding 2009). This represents the net present value 
estimation of how much a company would pay to settle 
its obligation (liability). For internal planning purposes, 
companies also produce sudden closure cost estimates, 
which evaluate potential business risks to unforeseen 
changes of circumstances.

To fund mine closure operations, six financial assurance 
mechanisms can be used (Worden 2020). Financial 
assurance allows governments to ensure that when a 
mine is closed, the land is returned to its original state, 
or with as little damage as possible. Companies can:

	z Set aside a cash deposit into a government-managed 
and controlled account.

	z Pay an insurance policy that covers costs over the 
course of the life of the asset.

	z Issue a surety bond, such as a reclamation bond, 
in which a third party guarantees the respect of an 
obligation.

	z Contribute to a trust fund in case the obligation is 
not met.

	z Merge resources with other companies and issue a 
bond pool.

As mine closures have multiple socioeconomic and 
environmental consequences, jurisdictions need to 
provide clear-cut guidelines and set up mechanisms 
to enforce compliance and ensure that closure plans 
are completed even in the case of abandonment or 
bankruptcy (Intergovernmental Forum on Mining, 
Minerals, Metals and Sustainable Development 2021). 
A comparison between multiple international mine 
reclamation bond systems reveals that the United States 
of America, Canada and Australia have established 
reclamation bond programmes. China does not have a 
national system in place, but since 2013, each province 
has been responsible for its own reclamation bond 
mechanisms (Cheng and Skousen 2017). While this 
was true for coal mining, the establishment of effective 
systems capable of expanding the bond types in use is 
now more urgent than ever.

6.2.5 Global survey of large-scale mining 
companies

The push towards a more sustainable mining industry 
is largely driven by investors and international 
environmental, social and governance regulations. 
Mining companies are expected to assess their risks and 
quantify and reduce their socioenvironmental footprints 
to avoid incurring unexpected losses. Many of them 
have made a start on addressing these issues. The 
question then arises as to what the costs of improving 
environmental, social and governance performance 
across the mining value chain will be, and whether 
such performance will command a ‘green premium’ in 
minerals and metals markets. 

A survey was undertaken to collect industry-relevant 
information on how environmental, social and 
governance issues affect the relationship between 
mining companies and their finance providers and 
learn about the environmental, social and governance 
risks and opportunities affecting mining companies. 
The survey was distributed anonymously using a 
snowball sampling technique and it was left open for 50 
days between November and December 2022. Out of 
52 responses, more than half (54 per cent) were from 
producing companies with revenues of more than US$50 
million, followed by exploration companies (15 per cent), 
consulting companies (13 per cent), contractors (10 per 
cent) and producer companies with revenues of less 
than US$50 million (8 per cent).

The survey results must be interpreted in light of the 
fact that a large majority of the respondents are from 
Europe and North America, with no respondents from 
China. The survey was designed in English. Figure 6.18 
(left panel) shows the geographic distribution of the 
companies that responded, according to the location of 
the firms’ headquarters. Europe ranks first (35 per cent, 
18), followed by North America (33 per cent, 17), and 
Australia and Oceania (18 per cent, 9), Central and South 
America (12 per cent, 6) and Africa (2 per cent, 1). The 
right panel in figure 6.18 shows the wide range of critical 
minerals produced by these companies, with copper 
ranked first (64 per cent of respondents, 32 responses), 
followed by other metals (mostly gold, iron and coal for 
48 per cent, 24), and, among others, nickel (38 per cent, 
19), cobalt (34 per cent, 17), lithium (32 per cent, 16) and 
zinc (32 per cent, 16).
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Figure 6.18: Geographical distribution of respondents per firms’ headquarters location and the critical minerals 
they produce
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Survey respondents identified the environmental, 
social and governance factors they deemed most 
critical for their business and ranked them in order of 
impact. Among the top-cited, the social factors (i.e. 
local community impact and social licence to operate) 
were ranked most highly, followed by environmental 
factors: decarbonization, water management and net-
zero strategy being the top three. From a governance 
perspective, corruption and bribery is cited as the 
main limiting factor in environmental, social and 
governance matters twice (8 per cent). Environmental, 
social and governance issues are recognized by these 
companies as a key driver of change, but, in line with 
the Responsible Mining Index Report cited above, they 
mainly report their environmental, social and governance 
risks at the corporate level (26 responses) rather than 
at the operational, site level (20 responses), showing 
there is wide room for improvement in collecting, 
storing and processing data at the site level. Reported 
environmental, social and governance information 
mostly consists of corporate-level quantitative data (22 
responses) and qualitative assessments mostly using 
benchmarks (14 responses). However, when asked about 
actual measurements, 20 companies responded that 
they assess their environmental, social and governance 
performance at the operational, site level, and then 
aggregate them to create corporate metrics. 

Out of 52 participants, 28 respondents to the global 
survey for large-scale mining addressed the issue of 
mine closure operations. Respondents were allowed to 
select multiple options to detail their practices. Half of 
respondents (50 per cent, 14) said that they set up a fund 
at the beginning of the project, while only 10 per cent of 
the total (3) had signed agreements with debt institutions 
(i.e. banks). In most cases, respondents reported that 
mine closure operations are very dependent on countries’ 
jurisdictions. As a general note, respondents prepare 
and review a cost estimate for decommissioning assets 
(i.e. pits, dams, industrial facilities) on an annual basis, 
following the asset retirement obligation methodology, 
and disclose their financial statements as defined by 
International Accounting Standard 37.

The companies’ appetite for comprehensive 
environmental, social and governance reporting seems 
to be motivated by the strong interest of investors: 
survey respondents consider reporting to be the main 
issue related to environmental, social and governance 
risks (18 respondents), followed by civil society (15) 
and the local population (14). Most respondents believe 
that environmental, social and governance reporting 
attracts new investors (55 per cent); 13 respondents 
do not agree and report that while they are relevant 
to retaining existing investors, it remains unclear how 
much financiers weight this information in their decision-
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making process. Among the universe of interested 
investors, pension funds, institutional investors and 
sustainability-linked funds and impact-focused funds are 
cited as the most critical. This evidence indicates that 
there may be a potential ‘green premium’ for companies 
outperforming on environmental, social and governance 
issues, in that they may be more appealing to investors 
than other companies and could more easily access 
capital from specific financiers.

Critically, it remains unclear whether and by how much 
such a potential ‘green premium’ would outweigh the 
additional costs companies incur when implementing 
sustainable practices. The global survey reveals crucial 
details about the extra costs faced by companies 
in implementing sustainable practices for selected 
activities (figure 6.19). Environmental issues (water 
resource management, soil restoration, energy use, 
environmental disaster prevention, biodiversity protection 
and restoration and greenhouse gas emission reduction) 
are perceived to be the most expensive. The costs of 
responding to social and governance issues are the most 
uncertain because of the crucial importance of context- 
and client-specific features. 

Clarification of these cost issues seems urgent. Calls 
for mining to support the Sustainable Development 
Goals, adopt a sustainable development licence to 
operate or implement a step change in responsibility and 
sustainability are unlikely to be perceived as realistic, if 
financial markets do not reward such practices, and if 
downstream purchasers either cannot recognize metals 
and minerals produced to high environmental, social and 
governance standards, or are unwilling to pay more for 
them. Governments may need to mandate differentiation 
of those products produced to high standards, through 
incentive schemes, favourable fiscal conditions or 
preferential market access, as well as support and 
communication for project development. Investors can 
also use behavioural-linked bonds at preferential rates 
for companies with good environmental, social and 
governance practices.

Figure 6.19: Surveyed companies’ estimates of the extra costs of improving environmental, social and 
governance performance
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Source: Authors’ survey.

6.3 CONCLUSIONS OF THE CHAPTER
The path towards the achievement of a sustainable 
future will require both sustainable finance and 
responsible mining, with sustainability in each case 
defined by strict environmental, social and governance 
standards. The landscape for each is subject to 
considerable diversity in terms of their landscapes of 
principles, frameworks and instruments, some of which 
are shown in figure 6.20. What is now required is to build 
a solid integrated framework between the two. 

Three lessons emerge from this assessment of 
sustainable finance policy goals, frameworks and tools. 
First, a fostered dialogue between finance and mining 
will help investors to value and promote sustainable 
practices in the mining sector. This is especially crucial 
to drafting taxonomies for sustainable investments, 

which differ greatly in their consideration of the mining 
sector depending on the jurisdiction. An established 
cooperation with the financial sector can provide a data-
supported scrutiny of existing practices. As the mining 
industry supports a fast-paced energy transition, this 
cooperation is urgently needed to manage avoidable 
harm and avoid unmanageable adverse impacts. 
Existing networks and coalitions could facilitate 
this dialogue to identify gaps in adopted standards, 
address key environmental, social and governance 
risks and ensure systemic responses to sector-wide 
issues: recent initiatives such as the Global Investor 
Commission on Mining 2030 are already working along 
these lines. 

Figure 6.20: The sustainable finance and responsible mining frameworks
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Second, the existing focus on environmental and climate 
concerns, while essential, must not eclipse the need 
for comprehensive, holistic sustainable development 
perspectives that integrate environmental, social and 
governance considerations equally over the whole mining 
life cycle. Given the current attention to environmental, 
social and governance-related issues in mining, it is timely 
to acknowledge that an integrated framework for finance 
for sustainable mining can only be effective if it combines 
environmental goals with objectives for a prosperous 
economy and a fair social landscape.

Third, while reforming the financial system, it is 
important to address how different instruments and 
tools can channel capital towards more sustainable 
practices in the mining industry. Adequately regulated 
transition bonds can support polluting industries, while 
behaviour-based debt instruments may lead to long-term 
impacts on the way companies conduct mine-site-level 
operations. Investors can drive these transformations 
by understanding how companies plan to allocate their 
funds and the way the owner wants to structure the 
financing framework. By linking finance to measurable, 
monitorable and quantifiable outcomes, financiers can 
put environmental, social and governance pressures on 
companies, which in turn can limit harmful practices while 
generating positive impacts on both people and the planet.

Guille Conema © Shutterstock
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6.4 APPENDIX

Some sustainable investing networks with their main environmental, social and governance focus

Name Environmental, social and governance 
dimension

Region

United Nations Global Compact Environmental, social and governance Global

SASB Standards Advisory Group Environmental, social and governance Global

Eurosif - The European Sustainable Investment Forum Environmental, social and governance European Union

World Benchmarking Alliance (WBA) Environmental, social and governance Global

Sustainable Value Creation platform Environmental, social and governance Netherlands

Interfaith Center for Corporate Responsibility (ICCR) Environmental, social and governance United States of America

Association of Investors for Sustainable Development (VBDO) Environmental, social and governance Netherlands

Portfolio Decarbonisation Coalition Environmental Global

Transition Pathway Initiative Environmental Global

GRESB Environmental Global

DNB Sustainable Finance initiative Environmental Netherlands

Powering Past Coal Alliance Environmental Global

Human Rights Investor Alliance Social United States of America

Social & Human Capital Protocol Social Global

International Corporate Governance network Governance Global

Asian Corporate Governance Association Governance Asia

Global Impact Investing Network Impact Global

Global Steering Group on Impact Investing (GSG) – Foro Impacto Impact Global/ESP

Corporate Sustainability and Responsibility 
(https://www.csreurope.org/)

Environmental, social and governance European Union

Mineral Development Network Platform 
(https://www.mineralplatform.eu/)

Environmental, social and governance European Union-Latin America

European Union Raw Materials Information Hub 
(https://rmis.jrc.ec.europa.eu/)

European Union

Principles for Responsible Investment Environmental, social and governance Global

Principles for Responsible Banking Environmental, social and governance Global 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

252

https://www.csreurope.org/
https://www.mineralplatform.eu/
https://rmis.jrc.ec.europa.eu/


CHAPTER 7

FINANCING ARTISANAL 
AND SMALL-SCALE MINING

Vera Larina © Shutterstock



CONTENTS

7.1 Introduction 255

7.2 Artisanal and small-scale mining	 256

7.2.1 Overview 256

7.2.2 ASM and energy transition minerals 256

7.2.3 Gender, human rights and “levelling up” opportunities 257

7.2.4 Transfers of livelihoods 258

7.2.5 Development minerals 258

7.2.6 Governance 258

7.3 Reforming the sector 260

7.3.1 Existing efforts 260

7.3.2 Artisanal and small scale mining, large-scale mining and building trust 261

7.3.3 Formalization 261

7.3.4 The importance of transparency and better data 262

7.4 The economics and financing of ASM 262

7.4.1 What is finance used for? 263

7.4.2 Mechanisms for financing ASM 265

7.4.3 Informal arrangements 265

7.4.4 Formal sources of finance 266

7.4.5 Barriers to accessing formal finance 268

7.5 Initiatives to improve access to finance in the ASM sector 270

7.6 The Meridian Principles 273

7.6.1 Objectives 273

7.6.2 Key challenges 274

7.7 Conclusions of the chapter 276

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

254



7.1 INTRODUCTION

146	 See Baseline study of artisanal and small-scale cobalt mining in the Democratic Republic of the Congo, Responsible Sourcing Network (2021).
147	 For example, the CRAFT Code, Fairmined Standard for gold, etc.
148	 Pact (2017). Training Handbook for Artisanal and Small-Scale Miners in Zimbabwe. Washington, DC: Pact

An estimated 44.75 million people are employed in 
artisanal and small-scale mining and quarrying across 
the globe (World Bank 2021), providing an important 
source of household income that often exceeds earnings 
from agriculture, petty trade and other informal sector 
jobs. Artisanal and small-scale mining is a highly diverse 
sector covering numerous commodities, ranging from 
gold to sand mining, and operations of varying scales. 
In sub-Saharan Africa specifically, the sector accounts 
for a significant percentage of a range of export metals 
and other minerals, including 18 per cent of the region’s 
gold, 15–20 per cent of its diamonds, most of its 
coloured gemstones (Hilson and Maconachie 2020) 
and a significant part of its cobalt production (i.e. 25 per 
cent in the Democratic Republic of the Congo, which 
itself supplies over 65 per cent of the world’s cobalt).146 

Globally, artisanal and small-scale mining is also the 
main source of locally mined and used development 
minerals, which have been defined as “minerals and 
materials that are mined, processed, manufactured and 
used domestically in industries such as construction, 
manufacturing, infrastructure and agriculture” 
(Franks 2020), and which contribute significantly to 
local economies and are essential for achieving the 
Sustainable Development Goals (Franks et al. 2023). 

Artisanal and small-scale mining operations typically 
have an unskilled workforce that uses simple tools and 
techniques, with the potential for elevated risks on the 
environment and on the health and safety of both miners 
and surrounding communities. In recent years, attention 
has been given to improving the environmental and 
social performance of artisanal and small-scale mining, 
including the development of guidelines and voluntary 
initiatives focused on reducing supply chain risks for 
buyers of commodities and improving the lives of miners 
and their communities.147 In addition, the artisanal 
and small-scale mining community has articulated 
a vision for the future represented by the Mosi-oa-
Tunya Declaration on Artisanal and Small-scale Mining, 
Quarrying and Development, which builds on preceding 
international declarations (Franks et al. 2020). 

An urgent issue for artisanal and small-scale mining 
is the need to improve access to finance for miners, 
which can provide the necessary up-front costs and 
the capacity to purchase or hire equipment to enable 
improved production and incentives to boost operational 
sustainability. However, the informal status of most 
operations and the reluctance of financial institutions 
to lend to what is perceived as a high-risk sector has 
prevented many operators from accessing formal sources 
of finance (Eniowo et al. 2022a).148 The formalization of 
artisanal and small-scale mining is the process by which 
the sector can be integrated into the formal economy; it 
should include a tailored adaptation of laws and policies 
and enable “conditions for accountability within the 
sector”. The legalization of artisanal and small-scale 
mining practices is only one of many dimensions that 
must be integrated and addressed simultaneously in the 
process of formalization (Hilson et al. 2018).

This Chapter provides an overview of the artisanal and 
small-scale mining sector, focusing on how miners 
access finance, the common challenges faced and 
the introduction of various schemes. The Chapter 
also presents the findings of an original survey of 
financing in the artisanal and small-scale mining sector, 
implemented through the Delve Exchange knowledge 
exchange network of artisanal and small-scale miners. 
The survey findings show how miners in various 
countries and regions access finance for ‘traditional’ 
metals and minerals operations, such as gold, as well 
as some preliminary information on the financing and 
location of production of various transition minerals, 
such as copper, lithium and cobalt. Chapter 8 contains 
some recommendations, derived from the analysis in this 
Chapter, to increase miners’ access to formal sources of 
finance as a way of improving the environmental, social 
and governance performance of their operations and, 
ultimately, leveraging the contribution of this large and 
important mining sector to benefit national and global 
economies, reduce poverty and achieve the Sustainable 
Development Goals.
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7.2 ARTISANAL AND SMALL-SCALE MINING 

7.2.1 Overview

In many countries, artisanal and small-scale mining 
(ASM) contributes significantly to local economies, but 
the activity is disparate and scattered, making it more 
difficult to obtain satisfactory and comparable figures. 
Despite a large contribution to global mineral supply 
chains, artisanal and small-scale miners are still among 
the most marginalized workers and little attention is 
given to the contribution of artisanal and small-scale 
mining to national and global economies (World Bank 
2021). There is often a large discrepancy between the 
price paid to workers in artisanal and small-scale mining 
and the price at which their products will eventually be 
sold on international markets. Mostly informal, artisanal 
and small-scale mining activities have been the subject 
of bad press both in industrial supply chains and among 
the wider public through popular movies. However, these 
narratives often overlook the rich and diverse stories of 
artisanal and small-scale mining.

Artisanal and small-scale mining is characterized as 
labour-intensive mineral extraction and processing 
activities with low levels of mechanization and material 
recovery (Hilson et al. 2018). It is often carried out by 
individuals or in small groups, with relatively low levels 
of capital investment (International Resource Panel [IRP] 
2020). Almost 45 million people are directly involved 
in artisanal and small-scale mining globally across 80 
countries, including 20 million in Africa, and between 
100 million and 150 million people rely on this income 
indirectly (World Bank 2021). A much smaller workforce 
is associated with large-scale mining, in which about 7 
million people are involved globally (Intergovernmental 
Forum on Mining, Minerals, Metals and Sustainable 
Development 2017). Artisanal and small-scale mining 
is both poverty-driven and has the potential to reduce 
poverty, as well as being increasingly described as 
having potential for wealth creation (Fisher et al. 2009; 
Verbrugge 2016).

Artisanal and small-scale mining is increasingly 
involved in the mining of energy transition minerals 
and supplies between 18 per cent and 30 per cent of 
cobalt globally, directly supporting metals and materials 
for the low-carbon energy transition (Organization for 

Economic Cooperation and Development [OECD] 2019). 
Empowering workers in artisanal and small-scale mining 
with the financial tools to help them to access formal 
markets can better distribute economic value and 
benefits. This is exemplified in the Africa Mining Vision 
of the Economic Commission for Africa to “harness 
the potential of small-scale mining to improve rural 
livelihoods and integration into the rural and national 
economy” (African Union 2009). There is therefore huge 
potential for better understanding the contribution of 
artisanal and small-scale mining to national and global 
economic flows.

7.2.2 Artisanal and small-scale mining 
and transition minerals 

There are currently no databases that provide a 
comprehensive picture of the production of transition 
minerals by artisanal and small-scale miners. The 
data that do exist come from commodity or country-
specific studies, such as on cobalt, rare earth 
elements in Myanmar, tin in Indonesia and tantalum 
in the Democratic Republic of the Congo and Rwanda 
(McFarlane and Villalobos 2019; Schutte and Naher 
2020). In addition, limited data on artisanal and small-
scale mining production associated with some large-
scale mining projects have been documented in a recent 
report of the United States Agency for International 
Development (USAID), including the production of 
chromium in Zimbabwe and South Africa, and lead and 
zinc in China (United States Agency for International 
Development [USAID] 2021). 

A recent survey of representatives artisanal and small-
scale mining cooperatives and associations in the Delve 
Exchange knowledge network, provides a further picture 
of artisanal and small-scale mining production. While 
only a limited number of countries are represented in the 
survey, the findings revealed that artisanal and small-
scale miners in the Delve Exchange produce at least 
seven key transition minerals, including copper, lithium, 
zinc, manganese, nickel, bauxite and chromium. Miners 
also produce a large volume of sand, crushed stone 
and gravel (aggregates) and limestone needed for the 
infrastructure to support renewable energy (table 7.1).
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Table 7.1: Confirmed transition minerals produced by Delve Exchange members

Region and countries responding to the survey Mineral

Anglophone Africa (Nigeria, United Republic of Tanzania, Zambia, Zimbabwe) Copper, lithium, manganese, chromium

Francophone Africa (Burkina Faso, Democratic Republic of the Congo, Madagascar) Copper, zinc, manganese, bauxite

South America (Peru, Bolivia [Plurinational State of]) Copper, zinc, sand

South-East Asia and the Pacific (Indonesia, Philippines) Sand, manganese, nickel

Source: Authors’ elaboration from survey conducted through the Delve Exchange knowledge network

149	 See “Socioeconomic and Environmental Diagnostic of Small-Scale mining in Brazil”. www.delvedatabase.org.

7.2.3 Gender, human rights and “levelling 
up” opportunities

There is a large number of women participating in 
artisanal and small-scale mining supply chains and their 
proportion in this sector is much higher than in private 
and large-scale operations. Studies have mostly been 
focused on male labour and digging practices, making 
the contribution of women more opaque. Artisanal 
mining has low entry barriers and provides work 
opportunities for women that may not exist otherwise, 
supporting them in their efforts to ensure food security 
for their household (Lahiri-Dutt 2012) and use the income 
in strategic ways (e.g. school fees, small land acquisition, 
funerals). Many women perform processing activities 
while working on domestic chores (Intergovernmental 
Forum on Mining, Minerals, Metals and Sustainable 
Development 2018), and the proportion of women is 
more dominant in lower-value mineral sectors. 

Some economic empowerment can be created for 
women in artisanal and small-scale mining, including 
when assuming roles such as mineral trading, but a 
lack of mobility and finance can put a break on the 
progress of female traders. Women entrepreneurs 
generally experience the impact of institutional barriers 
to successful participation in the markets. These can be 
both formal, such as a lack of education and resources 
that make it difficult for them to obtain mining and 
commercial permits, and collateral for finance, and 
informal, such as cultural and religious constraints. 
There is a clear intersection between gender and poverty, 
which compounds to constrain the futures of female 
traders and their daughters (Djoudi et al. 2016; Kabeer 
2015). Hinton points out that such poorer women and 
their daughters are held back by a lack of negotiating 

skills, knowledge of how to value minerals and a time 
deficit caused by the need to juggle domestic duties and 
work (Hinton 2016). These barriers reflect a significant 
and long-lasting impact of the lack of opportunities for 
education, as well as the persistence of gender norms, 
which disadvantage women at many levels.

Even though artisanal and small-scale mining can 
represent a ladder of opportunity, female miners are 
particularly disadvantaged, with institutional, normative 
and structural factors combining to disempower women 
and creating gender asymmetries in the opportunities 
offered to female small-scale miners. Female miners, like 
other rural women, have low levels of financial inclusion 
and few have bank accounts or the capacity to take out 
loans. This is the result of structural inequality, such as a 
lack of education, steady income, collateral, access and 
control over lands, productive resources, licences, funds 
and geological data. It is also the result of normative 
constraints of law and tradition, where men are considered 
to be the head of the household and are responsible for 
all decision-making, including financial decisions (United 
Nations, Committee on the Elimination of Discrimination 
against Women 2015). This increases their vulnerability 
and unequal access to the ability to fulfil formalization 
requirements.

More than one million children have been estimated 
to be working in artisanal and small-scale mining 
(International Labour Organization [ILO] 2019), a number 
that is growing steadily (Schipper et al. 2015), although 
reductions have been observed in formal small-scale 
mining in countries such as Brazil.149 There is high 
potential for harsh and exploitative conditions where the 
physical and psychological integrity of children is at risk. 
However, many women also work with their children; 
while some donors consider child labour in mining to 
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be the worst from of child labour, others argue that these 
activities sometimes enable children to go to school 
and stay with their families, and that simply outlawing it 
may drive poor families into further poverty and children 
into greater risk (O’Driscoll 2017; Faber et al. 2017). 
Appropriate and context-specific supporting mechanisms 
for families must ensure a successful and sustainable 
transition out of mine work for children over time. 

In Ghana, a small group of successful women who 
have artisanal and small-scale mining licences are 
themselves supporters, providing finance for other 
operations, and some are brokers trading and dealing 
in gold and diamonds (McQuilken et al. 2017). Support 
from male relatives can be crucial in helping women to 
become traders in minerals in both Ghana and Sierra 
Leone. Women with support from male relatives and 
opportunities to take a second job have human capital 
that many more vulnerable female traders could only 
dream about. 

Combining better access to schools with training 
for women and members of the community, notably 
in science, geology and global value chains, is a 
practical lever of empowerment. This can contribute 
to turning artisanal workers into players able to trade 
professionally and ensure that benefits go to their 
communities (as with practical workshops held in 
impoverished areas of Madagascar).

7.2.4 Transfers of livelihoods

Times of crisis, inflation, unemployment and poverty 
drive an increase in artisanal and small-scale mining. The 
exact contribution of artisanal and small-scale mining 
to a family’s income can be hard to quantify, as several 
livelihoods are often interconnected, notably with farming 
(Hilson 2016).

There is an observed transfer from agriculture livelihoods 
to the informal extraction of mineral resources, owing to 
several complex reasons, including economic reforms 
benefiting foreign direct investment, rising commodity 
prices and large corporations being favoured by policies 
equating large operations to development (IRP 2020). 
Climate change is also already affecting the dynamics of 
artisanal and small-scale mining, especially in relation to 
internal migration and the interaction of this and climate 
change itself with rural areas. For instance, in Madagascar, 

150 	See data from https://www.gold.org/goldhub/data/how-much-gold and https://www.unep.org/resources/report/sand-and-sustainability-10-
strategic-recommendations-avert-crisis.

more women move from the southern areas of the 
country in search of mining opportunities, sometimes with 
their whole families, because droughts have led to sterile 
soils and a lack of crops to harvest. In effect, this makes 
them climate refugees. 

7.2.5 Development minerals

Research, policy and investments in mineral value 
chains are often channelled towards so called high-
value metals. However, their added value in terms of 
local development opportunities is contestable, as they 
are primarily minerals for foreign export. In contrast, 
huge volumes of minerals in artisanal and small-scale 
mining are mined, processed and used domestically in 
construction, manufacturing industries and agriculture, 
directly contributing to local economies and domestic 
supply chains. Perhaps the most significant of these 
is sand, an often overlooked, yet essential mineral for 
development. The total historic production of gold 
amounts to around 212,582 metric tons (World Gold 
Council 2024) the equivalent of around four Olympic-
sized swimming pools) whereas production of sand, 
gravel and crushed stone is estimated at 50 billion metric 
tons per year150 (Franks 2020). Development minerals 
are still often called or considered “minor” or “low-value” 
minerals and materials, despite their immense economic 
value and importance to local development and the 
achievement of the Sustainable Development Goals. 

7.2.6 Governance

Around 80 per cent of the world’s gemstones and 10 
per cent to 30 per cent of the global supply of gold are 
currently provided by artisanal and small-scale mining 
activities. Informal artisanal and small-scale mining for 
gold is a particular source of concern owing to the use 
of mercury and its substantial environmental health 
impacts (IRP 2020; Seccatore et al. 2014). Entrenched 
habits are hard to change as the use of mercury is 
cheaper and faster than more environmentally friendly 
alternatives. 

Artisanal and small-scale mining is considered and 
addressed differently in many countries. Often, legislation 
is not appropriately synchronized with the reality in the 
field, owing to the diversity, complexity and fast evolution 
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of local contexts. Many governments do not hold reliable 
figures on workers and production levels in artisanal and 
small-scale mining, which impede the development of 
dedicated policies and programmes (Collins and Lawson 
2014). Governance of artisanal and small-scale mining 
requires the enforcement of regulatory responses along 
with adequate financial, technical and training support 
(including geological mapping, land use and resource-
use planning), and bottom-up structures would increase 
the protection of communities and the environment. In 
Brazil, mineral cooperatives were induced by regulatory 
requirement to increase formalization and solve 
governance issues in artisanal and small-scale mining. 
However, so far, such cooperatives have struggled to 
follow successful cooperative models because of a 
lack of accompanying public policy structure to support 
organization and action at all levels (da Silva et al. 2023). 

There are many land-use management tensions 
linked to artisanal and small-scale mining activities. 
Conflicts can happen between local authorities and 
the government, owing to complex relationships with 
land tenure arrangements. Policymaking is often 
focused on land rights and licensing procedures, 
overlooking informal and customary property systems 
(Dube et al. 2016). A lack of secure land tenure 
provides little incentive to formalize activities or adopt 
environmentally responsible practices. Appropriate 
governance would contribute to the beneficial 
coexistence of farmlands, artisanal and small-scale 
mining and large-scale mining, and ensure that 

artisanal and small-scale mining can become a tool for 
poverty reduction in the communities of resource-rich 
countries. The Sustainable Artisanal Mining Project in 
Mongolia was recognized as a source of best practices 
in artisanal and small-scale mining governance (Swiss 
Agency for Development and Cooperation 2017). It 
aimed to make artisanal and small-scale mining a 
sustainable driver of rural development and improved 
the public and political perception of artisanal and 
small-scale mining in the country. 

A number of ethical schemes have focused on security 
and conflict minerals to ensure commodities are not 
linked to armed groups, as operations financed by 
organized crime pose particularly important security, 
governance, social and environment concerns (World 
Bank 2021). However, some interventions have been 
denounced as top-down structures, ignoring local social 
and cultural dynamics or working only with miners with 
local power, leaving marginalized community members 
unable to access formal markets. Some research finds 
that an excessive focus on conflict-free supply chains 
mostly protects corporate public image interests and 
may not provide actual benefits to local populations and 
economies (Radley and Vogel 2015; Hilson et al. 2016; 
Spiegel 2015a). 

For more detail and references on minerals categories 
and a deeper dive into artisanal and small-scale mining 
governance, please refer to the International Resource 
Panel report on mineral governance (IRP 2020).

AeroVision Gh © Shutterstock
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7.3 REFORMING THE SECTOR

7.3.1 Existing efforts

The World Bank contributed US$1.4 billion towards 
reforms in the mining sector between 1988 and 2012, 
including support loans focused on legislative, fiscal 
and institutional reforms (Hilson et al. 2016). While 
several countries, notably in sub-Saharan Africa, revised 
their mining codes, this largely resulted in increasing 
investments in large-scale mining and large areas of 
land being granted to foreign multinationals, leaving 
little viable land left for legal artisanal and small-scale 
mining activities. This has encouraged informal artisanal 
and small-scale mining further, creating links between a 
liberalization of the economy benefiting a few individuals 
and the expansion of informal activities, a pattern also 
observed elsewhere (e.g. Mongolia). Formalizing the 
sector would create economic opportunities for other 
parties, including suppliers of equipment and finance, 
and push technological and financial innovations, 
increasing the number of licensed operators using 
supplies from international markets (World Bank 2021).

Intergovernmental organizations and multilateral lending 
agencies established interventions focused on reducing 
mercury in artisanal and small-scale mining (Collins and 
Lawson 2014; Sippl and Selin 2012). In addition, although 
the Minamata Convention on Mercury promotes 
environmental, social and governance issues and public 
health, many cultural, geological and socioeconomic 
barriers to implementation remain, which can be 
mitigated by increasing institutional and State expertise.

For large private companies, artisanal and small-scale 
mining represents an important environmental, social 
and governance risk linked to financial liabilities, public 
reputation, environmental health and safety and human 
rights issues, including child labour. For instance, 
consumers’ and investors’ scrutiny of environmental, 
social and governance performance is intended to 
ensure that products do not use “conflict minerals”. 
Foreign investment and exploration can be discouraged 
by national governments’ lack of control of artisanal 
and small-scale mining (Dondeyne and Ndunguru 
2014). A number of international schemes have been 
established to strengthen due diligence, certification 
and transparency.

In the past, international development programmes 
incentivizing capacity-building and improved 
environmental heath in artisanal and small-scale mining 
have failed or been misused owing to a lack of ongoing 
commitment and of comprehensive consideration 
of the local context. Issues such as the unsuitability 
of equipment, a lack of training programmes or long-
term affordability have arisen. However, several 
multilateral and multi-stakeholder initiatives have also 
led to encouraging outcomes, including the Yaoundé 
Declaration in 2002 (United Nations Economic 
Commission for Africa [UNECA] 2002, as reported in 
Franks et al. 2020), the investment of US$45 million in 
the Global Opportunities for Long-term Development 
in Artisanal and Small Scale Mining Programme (GEF 
GOLD), focusing on formalization, educating investors 
and consumers, access to finance and global markets 
for artisanal and small-scale mining communities, 
reduction of mercury use and knowledge exchange, 
the Development Minerals Programme of the African, 
Caribbean Pacific Group of States and the European 
Union, or the Mosi-oa-Tunya Declaration (Franks et al. 
2020; Hilson and McQuilken 2014).

Other initiatives have been proposed to help artisanal 
and small-scale mining to contribute to achieving 
the Sustainable Development Goals, notably through 
financing mechanisms. Some are focused on innovative 
financing models (such as hiring and pay-back 
schemes for equipment and technologies), bottom-up 
approaches to engage miners and enhance context-
specific implementations (Salo et al. 2016; Verbrugge 
and Besmanos 2016) and formalization for effective 
management and regulation (Smith et al. 2017). Other 
recent programmes were developed to support buyers’ 
due diligence while creating an opportunity for artisanal 
and small-scale miners to enter formal markets (e.g. the 
CRAFT Code). As will be discussed later in this Chapter, 
artisanal and small-scale mining is generally not directly 
attractive to traditional finance owing to numerous factors, 
such as unpredictable returns on investments and a lack 
of collateral. Much like in large-scale mining, artisanal 
and small-scale mining activities are directly affected by 
the booms and busts of global commodity prices. For 
instance, the economic growth of China is linked to an 
increase in artisanal and small-scale gold mining in Ghana 
(African Center for Economic Transformation 2017).
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7.3.2 Artisanal and small-scale mining, 
large-scale mining and building trust

Because of the lack of appropriate data to represent 
the specificities of artisanal and small-scale mining 
and illustrate their impact on downstream markets and 
community development, unfair comparisons are often 
made with large-scale mining, which affects economies 
and societies differently.

Artisanal and small-scale mining can be permanent, 
seasonal or part of an influx of internal migration. 
Artisanal and small-scale mining also often occurs 
on land leased to large-scale operations (Hilson et al. 
2020), triggered by an influx of miners looking to benefit 
from the mine by working on its outskirts or even in 
heavily polluted tailings. Conversely, the presence of 
artisanal and small-scale mining can also be an indicator 
of interest in large-scale exploration (International 
Council on Mining and Metals 2010). Migration related 
to artisanal and small-scale mining can lead to the 
quick growth of urban settlements without essential 
facilities, and in some cases lead to conflicts and 
confrontations with local populations (Nyame and Grant 
2014). Many experts emphasize trust as an essential 
driver of collaboration and conflict resolution (Fulmer 
and Gelfand 2012). Trust can be impeded by “extractive” 
relations established at the outset of large mining projects 
(e.g. a lack of due diligence and appropriate community 
engagement), which fail to build trust and create negative 
relationship legacies. Early engagement and planning with 
artisanal and small-scale miners can help to establish 
agreements for the entire life cycle of the mine and 
leverage the potential for private companies to contribute 
to capacity-building that will benefit artisanal and small-
scale mining communities (Verbrugge 2016).

7.3.3 Formalization

Providing artisanal and small-scale miners with the 
financial tools to access formal markets can distribute 
economic value and benefits to local communities 
in resource-rich countries. The formalization of the 
sector must be well defined to improve environmental, 
social and governance standards and bring added 
value to work opportunities and education without 
putting additional constraints on the most vulnerable 
workers. Disproportionate barriers exist for women in 
accessing finance and technical training. For example, 
in Ethiopia, limited financial flexibility and insufficient 
microfinance schemes lead to a lack of skilled labour 
and training opportunities even for licensed miners. 
A lack of strategies for incubation or promotions for 
small and medium-sized enterprises (SMEs) can also 
hamper the scale-up of small operations (Getachew 
2018). Formalization processes should be built in steps 
to prevent the de facto exclusion of people who do not 
have the necessary initial capacity (e.g. literacy, access 
to finance). As many miners want to get into formal 
supply chains and sell their products on global markets, 
intermediaries such as skilled local people that can 
develop the conversation around the specificities of the 
local context are needed, and initiatives must be enacted 
with room for flexibility to suit the diversity of local 
contexts. 

Barriers to formalization include compliance fees, 
land tenure, limited institutional knowledge, complex 
registration processes, and a lack of crucial finance 
and support services to access markets (Dube et al. 
2016). Obstacles can be reduced by a simplification 
and decentralization of licensing procedures, capacity-
building, training and knowledge exchange, tax incentives 
providing market access (e.g. governments paying a 
higher price than informal markets, or access to higher 
end markets), access to funding and technical support, 
increasing understanding of local contexts, increasing 
local participation, longer licence periods and access 
to geological mapping and geospatial data. National 
institutions must also be strengthened to implement 
initiatives efficiently. Formalization policies that are 
not designed appropriately can sometimes strengthen 
existing imbalances in power rather than distributing 
benefits and opportunities more fairly (Spiegel 2015b). 

Josiane Kouagheu © Shutterstock
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7.3.4 The importance of transparency 
and better data

Improving the quality of data on artisanal and small-scale 
mining requires improving information technologies 
in the field offices of mining ministries to consult real-
time data on artisanal and small-scale mining permits, 
production levels and the number of workers, and to 
pilot methods to capture the development impacts of 
artisanal and small-scale mining on local communities. 
Using reliable data to understand the sector’s access 
to finance and the types of financing needs is essential 
to inform the effective formalization of programmes, 
promote gender equality and sensitize financial 
institutions to the sector’s dynamics (World Bank 2021).

Gathering more data on the economic contribution of 
artisanal and small-scale mining to national and global 
economies will also reveal how finance contributes to the 
sector’s production and evolution. More disaggregated 
and accurate data are required to detail the contribution 
of artisanal and small-scale mining to gross domestic 

151 	See planetGOLD (2020a). Access to Finance: Options for Artisanal and Small-Scale Mining; planetGOLD (2020b). Improving Access to Formal 
Finance in Artisanal and Small-scale Gold Mining; planetGOLD (2020c). Unlocking Finance for Artisanal and Small-Scale Gold Mining: A Frontier 
Investment Sector.
152 	The United Nations Environment Programme Global Mercury Partnership supports implementation of the Minamata Convention on 
Mercury, the goal of which is to reduce and eliminate mercury use in gold mining globally: https://www.unep.org/globalmercurypartnership/.
153	 The Delve Exchange is a knowledge exchange network run for, and by, artisanal and small-scale miners and quarry workers operating across 
Africa, the Asia-Pacific, and Latin America and the Caribbean. It was established with the support of the University of Queensland’s Sustainable 
Minerals Institute, the Association of Women in Mining Africa, OECD and the Development Minerals Programme of the African, Caribbean Pacific 
Group of States and the European Union implemented by the United Nations Development Programme, with funding from the Extractives Global 
Programmatic Support Fund of the World Bank. https://delvedatabase.org/delve-exchange-en. 

product (GDP) and the value of exports, rather than relying 
only on absolute export figures and declared production 
and sales, which put the focus on large-scale mining 
investments.

The supply chains of artisanal and small-scale mining 
can include local traders, financiers, civil servants, 
politicians, the army or even criminal networks. Capturing 
these financial flows can help to understand power 
relations within existing policy systems and balance 
the interests of diverse economic actors and affected 
communities.

There is much value and capacity in national and regional 
artisanal and small-scale mining associations and 
networks. Some are proactively engaged in advocacy 
to reform the sector’s policies and funding pilot projects 
for mine-site improvement (e.g. case studies in Ghana 
and the United Republic of Tanzania by the International 
Institute for Environment and Development (Flores 
Zavala 2017); work of the Association of Women in 
Mining in Africa (2024)).

7.4 THE ECONOMICS AND FINANCING OF 
ARTISANAL AND SMALL-SCALE MINING
Much of what is known about the financing of artisanal 
and small-scale mining comes from the gold sector, 
which is not surprising given the large number of 
artisanal and small-scale miners involved in gold mining 
globally, around 15 million people,151 and the high value 
of the commodity on local and international markets. 
Artisanal and small-scale gold mining also presents 
significant environmental and human health risks, 
largely owing to the use of cyanide and mercury in gold 
processing, with governments and the international 
community encouraging investment in and the 
adoption of mercury-free processing technologies.152 
Less is known about financing arrangements for other 
commodities, including transition minerals.

This section examines the various financing 
arrangements, initiatives and challenges in the artisanal 
and small-scale mining sector. In addition to a review of 
the literature, the discussion draws on the findings of a 
recent survey of artisanal and small-scale miners who 
are members of the Delve Exchange knowledge network 
(ASM Survey). Launched in 2021, the Delve Exchange 
is an online network to facilitate knowledge-sharing 
and support among artisanal and small-scale mining 
associations and communities and quarry workers 
across the globe, initiated during the coronavirus disease 
(COVID-19) pandemic.153 It now has over 1,000 registered 
members in 71 countries across 6 regions, including 
Anglophone and Francophone Africa, Central and South 
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Asia, Latin America, the Caribbean and South-East Asia 
and the Pacific. 

The survey included questions such as where miners 
obtain their finance, the challenges and barriers 
faced in accessing finance and how finance is used 
in operations. Links to the survey were sent to 54 
representatives of artisanal and small-scale mining 
cooperatives and associations in the 6 regions, 
representing more than 250,000 miners, who were 
asked to report back on their members’ common 
experiences in accessing finance. Responses were 
received from representatives of cooperatives and 
associations in four of the six regions.154

7.4.1 What is finance used for?

Despite the relatively simple technology and techniques 
used in much of the sector, artisanal and small-scale 
mining is highly dependent on access to finance to 
be profitable and sustainable. Miners typically do not 
independently have the financial resources to support 
their operations, which usually includes the purchase 
of equipment and the payment of operational costs. 
These are particularly high in the artisanal and small-
scale gold mining sector where miners must pay for 
mills, centrifuges, drills, repairs and maintenance, training 
and other inputs, such as the mercury used to process 
gold. The adoption of clean processing technology in the 
gold sector, such as gravity concentration equipment 
that eliminates the need to use mercury (e.g. spiral 
concentrators and shaking tables), imposes particularly 
high costs on miners that, outside of donor or grant 
funding programmes, many are unable to afford. 

The ASM Survey revealed that the most common finance 
needs reported by representatives of the associations and 
cooperatives in the Delve Exchange are for purchasing 
equipment and machinery. This includes things like 
compressors, excavators, start-up mining equipment 
and tools. Finance may also be needed for exploration 
purposes to cover the costs of reconnaissance, permits, 
licences, feasibility studies and mine site preparation. In 
addition, there are operational costs that, depending on 
the size of the operation, include salaries for workers, 
food supplies, utilities and fuel or diesel. Other financing 
needs include payments for children’s education and the 
purchase of personal protective equipment, although the 
use of this is virtually non-existent in some contexts. 

154	 No responses were received from countries in the Caribbean or South and Central Asia by the survey cut-off date.

Given the great diversity of artisanal and small-scale 
mining operations globally, it is not possible to provide 
definitive figures on financing needs. However, drawing 
on data from the Impact Facility, planetGOLD reports that 
the typical investment costs for artisanal and small-scale 
gold mining in a mercury-free gold mining operation 
can be as high as US$89,730, not including transport 
costs, repairs and maintenance, and operational costs 
(table 7.2). For cost estimates in other contexts, such as 
Guyana see Laing et al. (2023).

Clearly, operations of this scale require significant 
investment and in such cases it is not uncommon for 
an intermediary between miner and investor to cluster 
several small mines together to meet investment needs 
including, in the case of gold, the purchase of, inter alia, 
mineral-processing equipment (planetGOLD 2020b; 
planetGOLD 2020a). 

J_K © Shutterstock

263

CHAPTER 7: Financing Artisanal and Small-scale Mining



Table 7.2: Typical investment costs for an artisanal and small-scale gold mining operation 

Investment needs 
Cost
US$ 

Local or
import

Explanation 

Compressor 15,000 Local 
Improves productivity by drilling using compressed air to more easily blast and
disintegrate the rocks to access high grade ore zones.  

Mud water pump 3,530 Local 
A water pump  has benefits for both safety and productivity by reducing the water level
in shafts or adits to enable safer working conditions. It can then enable continued work
during rains or at depths which would be otherwise inaccessible or dangerous. 

Handheld rock drill 7,500 Import 
Improves productivity through enhanced ability to explore and target high grade zones
underground.  

Generator 11,300 Local Improves productivity though a reliable power source.

Ball mill 8,000 Local 
A ball mill crusher will effectively grind the gold bearing rocks to powder and alternative
to hand crushing which is slow and less precise.

Gold kacha 3,000 Import

Centrifugal concentration equipment, such as the Gold Kacha replace sluice boxes in
the concentration process and promote mercury elimination. Not only does this
process take significantly less time than traditional sluicing, it can also increase
recovery to up to 95% when used by trained personnel. 

Shaker table 13,000 Import
The shaking table works in synergy with concentration equipment to separate out gold
particles from gold concentrate, enabling mercury elimination through subsequent
smelting of the final concentrate.

Winch 15,000 Local 
A winch is helpful to hoist waste rocks and ore from underground to the top of the pit
enabling pit development and safety improvement.

Equipment
clearance and
transport costs 

TBD n/a Budget for clearance and transport costs must be allocated.

Installation and
training costs  

13,000 n/a 

Installation of equipment and training in its use is required to ensure any purchases
are used safely and effectively. Training on repayment schedules, monthly mine and
ESG data are also important considerations to measure the positive impact activities
and the provision of equipment has on the mines.  

Repairs and
maintenance

TBD n/a
A contingency budget may need to be set aside for repairs and maintenance beyond
warranties.

Sub-Total  89,730

Source: The Impact Facility, cited in planetGOLD (2020c).

* Gold kachas are simple centrifugal gravity concentrator processing systems
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7.4.2 Mechanisms for financing artisanal 
and small-scale mining 

In contrast to large-scale mining projects where finance 
is provided by large private financial institutions and 
national development banks, artisanal and small-
scale mining operations have limited access to formal 
sources of finance, i.e. from lenders who operate within 
legal frameworks governing commercial transactions 
(planetGOLD 2020c). Miners instead rely on a variety 
of informal lenders, such as family members, 
cooperatives and mineral traders and buyers who may 
take an inequitable cut of production or charge usurious 
interest rates. 

With limited access to formal sources of finance, artisanal 
and small-scale miners are often unable or unwilling to 
invest in the necessary upfront costs that would lead to 
better mining practices. Where miners do have access 
to formal finance it typically includes debt finance 
arrangements such as microfinance, local savings and 
credit schemes, (rarely) commercial banks, cooperative 
banks and national development banks, as well as equity-
financing arrangements. 

Responses to the artisanal and small-scale mining survey 
show that 45 of the 51 (88 per cent) cooperative and 
association representatives reported that, most often, 
their members obtained finance from informal sources. 
The most common sources of informal finance were 
mineral buyers (around 53 per cent of all respondents), 
cooperatives (21.5 per cent), family members (4 per 
cent) and investors or other informal lenders (6 per 
cent). Some 6 per cent of all respondents said that the 
most common source of finance in their cooperative or 
association was self-financing. There was little variation 
between the regions in terms of the incidence of informal 
financing, which, as would be expected, was high across 
the board. Only 8 of the 51 representatives (around 15 
per cent) stated that formal financing from banks was 
the most common arrangement in their cooperative or 
association.155 In some cases, respondents reported that 
more than one source of finance, including both formal 
(banks) and informal sources, were common among 
members of their cooperatives or associations.

155	 Interestingly, six of these representatives also reported that both informal sources, such as mineral buyers, and formal sources, such as 
banks, were common arrangements.
156 	In Indonesia, amounts borrowed ranged from US$100 to US$2,500, with the loan to be repaid within a year. Monthly repayment amounts vary 
between US$25 for smaller loans to US$170 for larger loans.

The sections below describe the various informal 
and formal mechanisms for financing artisanal and 
small-scale mining, before discussing the barriers and 
challenges preventing most miners from accessing 
finance from banks and other formal sources.

7.4.3 Informal arrangements

One of the most common arrangements for accessing 
finance in the artisanal and small-scale mining sector 
is for miners to receive funds from external, often local, 
investors. Such investors typically have an interest in 
the mineral to be mined and provide investment capital 
in exchange for an agreement that miners will sell 
their product to them, usually far below market prices 
(Eniowo et al. 2022a). While some have argued that such 
arrangements in places such as the Philippines have 
been beneficial (Verbrugge 2014), the consensus across 
sub-Saharan Africa and other developing countries is that 
informal financing arrangements are not usually positive 
for miners or the environment (Intergovernmental 
Forum on Mining, Minerals, Metals and Sustainable 
Development 2018; Perks 2016). Miners do all the work, 
often in dangerous conditions and, in some cases, they 
are barely able to survive, as was shown in Nigeria (Mallo 
2012). In Ghana, sponsors (who are also buyers) will 
provide loans to purchase more expensive equipment, 
such as crushers and generators, but require very high 
interest rates (Hilson and Ackah-Baidoo 2011). In such 
circumstances, miners have little ability to plan or invest 
for the future, including in more environmentally-friendly 
mining techniques and technologies. High interest 
rates are also evident from the artisanal and small-
scale mining survey. For example, some mineral buyers 
engaged with miners in one cooperative in Malawi levied 
a 60 per cent interest rate per year.156

Eniowo et al. (2022b) describe how a lack of access 
to formal sources of credit commonly perpetuates a 
cycle of poverty and poor environmental and social 
performance, where poor mining techniques lead to 
inefficient mineral recovery from ore, low incomes and 
the inability to invest in a mine and improve mining 
practices. The consequences of this are poverty, negative 
impacts on workers’ health and safety – potentially of the 
surrounding community – and environmental damage. 
This situation is summed up by Noetstaller in figure 7.1.
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Figure 7.1: Implications of A lack of access to finance 
in artisanal and small-scale mining

inadequate
techniques

inability
to invest

low recovery
and productivity

poor health and safety,
environmental damage

low income
and savings

Source: Noetstaller (1995).

Another problem raised in the artisanal and small-
scale mining survey was the occurrence of abusive 
and exploitative lending practices by informal lenders. 
Almost 47 per cent of the survey respondents reported 
that such practices were experienced by some of the 
members of their cooperatives or associations. The 
occurrence of these practices is not unique to any 
particular country or region and they are as likely to be 
found in Africa as they are in South America and Asia. 
Examples given include exorbitant interest rates as 
high as 50–60 per cent, the seizure of tools and other 
property as collateral, and even threats of violence 
against borrowers. Furthermore, Perks (2016) has 
shown how lenders’ vested interests have caused them 
to try to undermine the formalization programmes of the 
World Bank in the United Republic of Tanzania because it 
would potentially improve miners’ access to finance and 
reduce their reliance on them.

157 	These include the Communities and Small-Scale Mining initiative, Delve, the Pollution Management and Environmental Health programme in 
Africa, the ASM Sahel Associated Trust Fund and, most recently the emergency response window for artisanal and small-scale mining during the 
coronavirus disease (COVID-19) pandemic, which supports the Delve Exchange and other projects.

7.4.4 Formal sources of finance

Donor-funded schemes

Probably the most common source of formal finance 
for the artisanal and small-scale mining sector has 
been international and national donor-funding, typically 
in the form of grants where there is no requirement for 
repayment. The World Bank has taken a lead role in this 
regard under its extractives programme area. It has 
funded several major initiatives supporting the artisanal 
and small-scale mining sector since the mid-1980s.157 
Of note is the small grants programme provided through 
its Sustainable Management of Mineral Resources 
Projects. A number of these Projects were established 
in recent decades in sub-Saharan Africa, providing small 
grants to support various artisanal and small-scale 
mining activities. In Uganda, for example, a Sustainable 
Management of Mineral Resources Project operating 
between 2009 and 2014 provided grants to support 
the adoption of more efficient and safer artisanal and 
small-scale mining practices. To be eligible, miners had 
to form a group and undergo training in financial literacy 
procurement. This scheme was reportedly successful and 
even motivated some artisanal and small-scale mining 
associations to form village savings and loan schemes to 
provide small loans to members in times of need, such as 
for family emergencies and school fees.

Government loans

Some take a more critical view of donor-funded 
grants on the grounds that they do not instil financial 
responsibility for repayment in miners and are therefore 
unsustainable. Siegel and Veiga (2009) suggest that 
a better strategy is for donors to support government 
loan facilities that better distribute the risk and thus 
the financial responsibility. They cite two successful 
examples in Namibia and Mozambique. In Namibia, 
through the Minerals Development Fund, the Government 
provided US$92 million in loans to miners, with a focus 
on building shafts, exploration and mine expansion. 
The loans had low interest rates and long repayment 
periods, which, according to the authors, is the reason 
there has been a 92 per cent repayment rate at the time 
of writing (Siegel and Veiga 2009). In Mozambique, a 
similar fund provided loans on the condition that miners 
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could show collateral, create a loan repayment plan and 
other requirements. The Government of Zimbabwe has 
also established loan schemes for the sector, including 
a loan for mine establishment that covers six months 
of operating costs (Hinton 2005). A number of other 
government loan facilities have been used in the sector 
in other countries in sub-Saharan Africa and regions over 
the past few decades. 

Microfinance

Another source of formal finance is microfinance. 
Made popular by the Grameen Bank in the 1970s, 
microfinance became popular in the artisanal and small-
scale mining sector in the 1980s. It provides financial 
services, including insurance, deposits and small loans 
to small and micro-enterprises, often groups of miners 
or cooperatives, who may be deemed too risky to lend 
to by banks and other lenders (planetGOLD 2020b). 
Microfinance schemes for artisanal and small-scale 
mining have been established in sub-Saharan Africa, 
Latin America and Asia. 

The literature paints a mixed picture of success with 
microfinance. Hilson and Ackah-Baidoo (2011) describe 
how in sub-Saharan Africa, lenders are unwilling to lend 
to unlicensed miners who are operating outside of the 
law. They also describe how there have been high rates 
of loan default owing to lenders tending to be “cavalier” 
when what was needed was a proper understanding of 
an appropriate rate of interest, the geological content of 
the concession and thus the lifespan of the mine, as well 
as how to collateralise commitments to repayment. 

Hilson and Ackah-Baidoo nevertheless believe that with 
the right governance processes, microfinance remains 
a good potential source of finance for the sector. 
planetGOLD (2020a) describes success in a microfinance 
initiative in Ghana that supported an equipment-lending 
project in gold operations based on a group-sharing 
arrangement. The authors argue that the success of this 
initiative was that participants in groups of 5–10 people 
were ranked in terms of their financial strength, which 
determined the priority in distribution of loans.

Commercial banks

There are relatively few examples of artisanal and small-
scale miners accessing finance through commercial 
banks and, where these have occurred, there have usually 
been significant challenges (Eniowo et al. 2022a). For 
instance, in Zambia, emerald miners could access credit 
from the European Investment Bank if they provided 
“bankable documents” and “technical documents” with 
their credit applications. Their low levels of education 
meant that miners struggled with their applications. 
Furthermore, the technical assistance unit of the European 
Investment Bank, which was meant to assist miners with 
their applications, required a fee of 30 per cent to cover 
the cost of preparing their documents. This was beyond 
the means of miners, with the end result being that the 
project was unable to fund any artisanal and small-scale 
mining operations (Siwale and Siwale 2017). 

Other sources of formal finance

The literature documents a number of other potential 
sources of formal finance that are potentially available 
for the artisanal and small-scale mining sector, of which 
few have succeeded. Hinton (2005), drawing on research 
undertaken by the United Nations Economic Commission 
for Africa (2002–2012), describes the following 
arrangements. The first is equity-based finance schemes 
where risks are shared by joint ventures, investment 
banks, trusts and other entities. Other mechanisms 
include hire-purchase schemes where miners rent or 
rent-to-own equipment, and cooperation between the 
large and small-scale mining sectors. In this case, loans 
and, in some cases, technical support and equipment are 
provided to artisanal and small-scale miners.

As will be discussed in the next section, most of the 
above-mentioned formal financing arrangements are 
off-limits to miners for numerous reasons. 
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7.4.5 Barriers to accessing formal 
finance

Research in the artisanal and small-scale gold mining 
sector by planetGOLD (2020a) and others (Reichel 2020) 
has identified a number of barriers preventing miners 
from accessing formal finance: 

Formal status

Perhaps the most important barrier is the informal 
or illegal status of artisanal and small-scale mining 
operations. This is often because the regulatory and 
mineral tenure systems are not designed to include 
artisanal and small-scale mining. Formal financial 
institutions are typically unwilling to enter into financing 
agreements with miners whose operations are not 
legally sanctioned. This lack of formal status is one of 
the main reasons there has been a concerted push by 
the World Bank and others to support formalization of 
the artisanal and small-scale mining sector. However, 
formalization itself does not guarantee access to formal 
finance. For instance, research in Zambia by Siwale 
suggests that formalization “may increase access to 
credit, but not from formal lending institutions nor in a 
manner that has led to positive outcomes for operators” 
(Siwale 2018). She describes how the Ministry of Mines 
and Mineral Development of Zambia disbursed loans of 
US$5,000, but this “paltry amount” was much below the 
actual funding needed.

Traceability

The sector is regularly perceived as associated with 
local conflicts, child labour, criminal activities or money-
laundering, all presenting major risks for financial 
institutions to finance artisanal and small-scale mining. 
Consumers and intergovernmental organizations have 
called for transparency and greater traceability on the 
origins of products and their source of funding. Improved 
transparency alleviates risks, but some requirements 
can be difficult for artisanal and small-scale miners to 
meet. Countries with internal systems of gold buying 
at the source, such as Ghana, Guyana, the Philippines 
and Mozambique, can help to sustain engagement and 
provide more visibility to formal and informal artisanal 
and small-scale mining operators (planetGOLD 2020a).

Lack of geological information 

For those who do have their own mine, few have 
evidence of the prospectivity of their lease since there is 
no mapping or geological report that they can take to the 
bank to support their application and business case. This 
geological information on mineral reserves is needed 
so that potential lenders can understand the production 
potential and lifespan of the mine, and without this, 
they are often reluctant to provide loans. To strengthen 
the appetite to provide loans for artisanal and small-
scale miners or cooperatives, geological investigations 
sponsored by governments and development partners 
could delineate economically viable areas for artisanal 
and small-scale mining activities. 

Small operations and lack of experience with 
financiers

A third barrier is that many artisanal and small-scale 
mining operations are too small and the transaction 
costs too high to attract investment from financial 
institutions. Although miners in some contexts might 
have access through microfinance schemes and other 
sources mentioned above, the amounts available are 
often insufficient to enable investments in operations 
that would substantively improve mining practices, 
including management of environmental and social 
issues. Other barriers include miners’ lack of experience 
in dealing with formal financial matters; and a reluctance 
to enter into the formal economy and its obligations, 
including paying taxes.

Inability to meet due diligence requirements

With limited finance, miners are also unable to meet 
the due diligence requirements of lenders, which often 
require assessment and management of environmental, 
social and governance risks, as well as the potential 
benefits of projects, including future profitability. 

Current due diligence schemes are too often not 
grounded in the reality of the challenging artisanal and 
small-scale mining environment and miners, who despite 
their best efforts, may repeatedly fail the audit of the 
certification bodies. 
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Lack of financial products appropriate for 
artisanal and small-scale mining that meet the 
sector’s specific needs

A fourth barrier is the lack of financial products that meet 
the specific needs of artisanal and small-scale mining. 
Financiers themselves face a number of barriers to 
financing the sector. These include, as discussed earlier, 
environmental, social and governance risks that may 
pose a threat to their reputation, high transaction costs 
and a lack of experience of lending to the artisanal and 
small-scale mining sector. Even if financial institutions 
are willing to provide finance, they will typically require 
collateral, and have interest rates that are prohibitive for 
miners and strict terms and conditions.

Cultural barriers for women

Finally, women miners in artisanal and small-scale mining 
are particularly disadvantaged in accessing finance, 
with cultural and institutional norms restricting their 
access to collateral and title deeds that, in some cases 
requires the permission of male family members. This 
highlights the fact that financing initiatives must take into 
account structural inequalities and local and institutional 
specificities in order to enhance access to funding for 
the most disadvantaged. As Spiegel points out in the 
case of microfinancing schemes, finance initiatives can 
be captured by elites and may be limited if they do not 
address such structural inequalities (Spiegel 2012).

Barriers highlighted by the survey

The artisanal and small-scale mining survey confirms 
that many of these barriers apply to miners of the 
Delve Exchange. Respondents report four main barriers 
to accessing finance from formal sources. Lack of 
concession registration and informalization were the 
most common reasons cited, with representatives of 
cooperatives and associations in each region reporting 
this. In South-East Asia and the Pacific, this accounted 
for more than half of responses. The second most 
common reason was poor understanding of the value 
of miners’ deposits, followed by a lack of collateral and 
lastly, miners’ poor understanding of how to access 
finance from banks and other formal sources (figure 7.2).

Figure 7.2: Barriers to accessing finance from formal 
sources for Delve Exchange members
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7.5 INITIATIVES TO IMPROVE ACCESS TO 
FINANCE IN THE ARTISANAL AND SMALL-
SCALE MINING SECTOR

It is evident from the literature that there is no one-size-
fits-all solution to artisanal miners’ inability to access 
formal sources of finance. As discussed earlier, even 
formalization does not guarantee access to bank loans 
or credit from formal sources. Rather, solutions must 
be tailored to specific contexts and address common 
barriers. This was one of the recommendations of the 
Mosi-oa-Tunya Declaration on Artisanal and Small-scale 
Mining, Quarrying and Development, which, inter alia, 

urges “all stakeholders to improve access to affordable 
and tailored financial products for ASM [artisanal and 
small-scale mining], for example, by sensitizing financial 
institutions about the development and business 
potential of ASM, by facilitating the provision of credit 
guarantee facilities in partnership with private and 
public financial institutions, and by fostering knowledge 
sharing” (box 7.1).

Box 7.1: Recent international policy instruments recognising the importance of inclusive 
finance in artisanal and small-scale mining

Mosi-oa-Tunya Declaration on Artisanal and Small-scale Mining, Quarrying and Development

“Emphasise that lack of access to affordable and tailored financial products is a key constraint often cited by 
ASM [artisanal and small-scale mining], that leads to stagnation and eventual abandonment of ASM business 
ventures. Urge all stakeholders to improve access to affordable and tailored financial products for ASM, 
for example, by sensitizing financial institutions about the development and business potential of ASM, by 
facilitating the provision of credit guarantee facilities in partnership with private and public financial institutions, 
and by fostering knowledge sharing. Acknowledge the need for governments to grant mining rights to ASM with 
appropriate duration, size and production among others, to allow their use for collateral for access to credit.”

United Nations Environment Assembly Resolution on Mineral Resource Governance

“To address the challenges and opportunities related to Artisanal and Small-scale Mining, the following actions 
should be considered by relevant actors: 

a.	 Encourage relevant state and non-state actors to action and adapt to the local context the Mosi-oa-Tunya 
Declaration on Artisanal and Small-scale Mining, Quarrying and Development; 

b.	 Encourage states and other stakeholders to conduct research and share knowledge regarding the scale 
and geographic extent of the artisanal and small-scale mining sector through country-wide censuses; 

c.	 The international community should investigate the development of a standard similar to the Equator 
Principles to support the financing of artisanal and small-scale mining for transformation, and to 
investigate options for strengthening artisanal and small-scale mining associations at the international 
level.”

Source: United Nations Environment Programme (2022). Mineral Resource Governance and the Global Goals: An agenda for international 
collaboration. Report of activities to implement United Nations Environment Assembly resolution on mineral resource governance (UNEP/
EA.4/Res.19). Nairobi, Kenya: United Nations Environment Programme and the University of Queensland.
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Box 7.2: Inclusive finance for small and medium-sized enterprises in Development 
Minerals: Partnership agreement between the African Guarantee Fund and the 
Development Minerals Programme of the African, Caribbean Pacific Group of States 
and the European Union

An example of a successful initiative to address the financial needs of artisanal and small-scale miners is the 
partnership agreement between the African Guarantee Fund for Small and Medium Sized Enterprises (AGF) 
and the Development Minerals Programme of the African, Caribbean Pacific Group of States and the European 
Union (implemented by UNDP), which was signed in 2017. This US$12 million memorandum of understanding 
provides credit guarantees to private financial institutions for loans to small and medium-sized enterprises 
(SMEs) operating in the development minerals sector. The agreement provided support to the development 
minerals sector through three main mechanisms: 

1.	 Capacity-building of financial institutions to understand the needs of the sector 
A need for the provision of financial solutions for the SMEs in this sector was identified by a series of 
baseline studies undertaken by the Development Minerals Programme. Financial institutions were unaware 
of opportunities in the sector. The partnership addressed the above needs by allocating US$100,000 to 
capacity-building in financial institutions in the private sector. Senior managers from 50 different financial 
institutions in 5 countries, Zambia, Uganda, Cameroon, Guinea (Conakry) and Nigeria, were trained in 
inclusive finance, credit and risk assessment in the artisanal and small-scale mining sector and were 
sensitized to the sector through field trips to reassess their perceived high risk of lending to the sector. 

2.	 Capacity-building of SMEs to develop business plans, understand and apply for finance  
The Development Minerals Programme provided for training and capacity-building of the small-scale 
private sector in each of the focus countries in market analysis, enterprise skills, entrepreneurship and 
investment promotion. Training alumni then prepared business plans to assist them to access the loans 
provided by the financial institutions.

3.	 Provision of Credit Guarantee Facilities to financial institutions. 
Through the agreement between the African Guarantee Fund and the African, Caribbean Pacific Group of 
States and the European Union, up to US$12 million in credit guarantee facilities was made available to 
financial institutions for the financing of SMEs in the Development Mineral Sector in the five pilot countries.

This highly targeted programme addressed specific gaps in knowledge, skills, collateral and risk that exist in 
both financial institutions and SMEs in this sector by providing: 

	z access to financing and business development services for SMEs operating in the sector;

	z increased awareness within financial institutions of the entrepreneurial potential of the sector;

	z technical support on financial product development by the technical staff in financial institutions in charge 
of business and product development;

	z support for the provision of credit guarantee facilities by financial institutions through sector-specific 
training; and

	z support to develop action plans for the financial institutions in introducing or enhancing their lending 
in the Development Mineral portfolio.

This case provides a unique example of a public-private partnership in the area of finance to create business 
success in a field that has previously been neglected.
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What is evident from these and other initiatives is that 
there are important measures that can be applied in 
specific contexts which address gaps in knowledge, 
skills, collateral and risk that exist in both financial 
institutions and at the supply and miner side. One 
example of such an approach is the partnership between 
the African Guarantee Fund and the Development 
Minerals Programme of the African, Caribbean Pacific 
Group of States and the European Union, implemented 
by the United Nations Development Programme (UNDP). 
As shown in box 7.2 this initiative provided capacity-
building for financial institutions to understand the needs 
of the sector, capacity-building for SMEs to develop 
business plans and understand and apply for finance, 
and the provision of credit guarantee facilities to financial 
institutions. The initiative produced various successes, 
including the establishment of a very successful 
stonecraft business in Uganda. 

Apart from such tailored initiatives, the artisanal and 
small-scale mining sector would greatly benefit from 
the establishment of an international framework that 
directly addresses financial challenges in artisanal and 
small-scale mining, as suggested by the report on the 
implementation of the United Nations Environment 
Assembly Resolution on Mineral Resource Governance 
(box 7.1). The Resolution called on the international 
community to “investigate the development of a standard 
similar to the Equator Principles to support the financing 
of artisanal and small-scale mining for transformation, 
and to investigate options for strengthening artisanal and 
small-scale mining associations at the international level” 
(Franks et al. 2022).

158	 https://equator-principles.com/about/.
159	 https://www.banktrack.org/page/tracking_the_equator_principles.

To this end, Professor Daniel Franks and Dr Paul 
Rogers from the Sustainable Minerals Institute of the 
University of Queensland have proposed what they 
have termed the “Meridian Principles”. The proposed 
Meridian Principles framework has been inspired by 
the widespread adoption and successes of the Equator 
Principles. Established in 2003, the Equator Principles is 
a voluntary set of guidelines for financial institutions to 
follow when assessing and managing environmental and 
social risks in large infrastructure and industrial projects 
they are considering financing. Under the Equator 
Principles, financial institutions (Equator Principles 
Financial Institutions) commit not to provide project 
finance or project-related corporate loans to clients 
who do not, or are unable to, meet core standards of 
social and environmental performance, as outlined in 
the Performance Standards of the International Finance 
Corporation.

Today, 137 financial institutions in 37 countries 
representing all segments of the financial sector have 
adopted the Equator Principles.158 While the Equator 
Principles have received their share of criticism over the 
years, primarily related to the funding of controversial 
projects,159 they have nevertheless been responsible for 
improving environmental practices, labour standards, 
human rights and engagement with local communities 
in the context of large-scale project development (Le 
Houérou 2018).
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7.6 THE MERIDIAN PRINCIPLES

160	 The overall aim of the CRAFT Code is “to promote the sustainable social, environmental, and economic development of the ASM [artisanal and 
small-scale mining] sector, by leveraging demonstrable conformance with due diligence requirements as an instrument for generating a positive 
development impact for ASM producers” (CRAFT 2.0, p. 8). 

7.6.1 Objectives

Like the Equator Principles, the proposed Meridian 
Principles could comprise a set of specific due diligence 
principles that financial institutions commit to apply 
when they are considering financing artisanal and small-
scale mining and quarry operations (figure 7.3). The 
primary aims of the principles are to:

	z Ensure that the provision of any finance for artisanal 
and small-scale mining operations is contingent on 
borrowers complying with one of the recognized 
international codes of good artisanal and small-scale 
mining practice (e.g. the CRAFT Code160 and the 
Fairmined Standard (Alliance for Responsible Mining 
2019)), thereby improving the environmental, social 
and governance performance of operations. It is 
hoped that the Meridian Principles would inspire and 
consolidate other commodity-specific international 
codes of good artisanal and small-scale mining and 
quarrying practice.

	z Ensure that careful due diligence is undertaken by 
financial institutions in the selection of borrowers 
(e.g. commitment to formalization, respect for 
environmental, social and governance and human 
rights standards).

	z Build the capacities of both financial institutions and 
miners in financial literacy and understanding the sector.

	z Enable gender equity as an integral and cross-cutting 
requirement. 

	z Contribute to the goals of the Mosi-oa-Tunya 
Declaration on Artisanal and Small-scale Mining, 
Quarrying and Development, including enhancing 
livelihoods and employment generation, particularly 
youth employment, poverty reduction and sustainable 
development. 

	z Manage environmental, social and governance and 
other risks for financiers, therefore improving miners’ 
access to finance.

A potential structure for the proposed Meridian Principles 
is shown in figure 7.3. 

Figure 7.3: Proposed structure of the Meridian 
Principles
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Key stakeholders involved in the initiative will include: 

	z A Meridian Principles secretariat to oversee 
management and administration of the principles. 
The secretariat could comprise representatives 
of multilateral and bilateral institutions, academic 
institutions and key financial institutions. The financial 
institutions represented in the secretariat would work 
closely with all financial institutions that have adopted 
or intend to adopt the principles. In addition, the 
secretariat could include representatives of artisanal 
and small-scale mining associations. 

	z Financial institutions that intend to become Meridian 
Principles financial institutions, such as microcredit 
agencies operating at the regional, national or 
international level.

	z An expert advisory board comprised of 
representatives of international donors (e.g. World 
Bank), non-governmental organizations (NGOs) 
(e.g. Alliance for Responsible Mining161) and 
representatives of international artisanal and small-
scale mining standards (e.g. the CRAFT Code). 
Representatives of artisanal and small-scale mining 
associations should also be part of the advisory 
board to guide the initiative, provide an important 
grounding in the realities of the sector, and ensure 
that miners are involved substantively in decision-
making.

With guidance from the secretariat, Meridian Principles 
financial institutions will undertake an assessment 
to determine mineral producers’ compliance with the 
principles, including one of the recognized artisanal 
and small-scale mining standards and codes. Once this 
assessment is complete, the financial institution will then 
approve finance for the artisanal and small-scale mining 
operation. 

7.6.2 Key challenges

There are a number of significant challenges that will 
have to be addressed if a framework for managing 
environmental and social risks linked to finance for 
artisanal and small-scale mining is to be developed and 
widely adopted by both miners and potential financiers. 
These challenges are described in the following sections. 

161	 https://www.pactworld.org/our-expertise/mining. Accessed 22 July 2023.

Informal nature of the sector

As discussed above, the informal nature of the artisanal 
and small-scale mining sector is a major barrier to 
accessing finance and will have to be addressed if the 
principles are to be feasible. It is estimated that, in many 
countries, 70–80 per cent of artisanal and small-scale 
mining operations are informal, meaning they operate 
outside of formal legal, regulatory and policy frameworks 
(Intergovernmental Forum on Mining, Minerals, Metals 
and Sustainable Development 2017). For this and other 
reasons, there have long been calls to formalize artisanal 
and small-scale mining operations in various countries 
so that their operations have the legally required licences 
and permits (World Bank 2021). 

Formalization nevertheless presents significant 
challenges, particularly when most of the prospective 
land is under lease to others (for example large-scale 
miners) and the processes for applying for formal 
licences are complex and too expensive for many in 
artisanal and small-scale mining.

Another approach, advocated in the Mosi-oa-Tunya 
Declaration, is to support miners in regularizing 
their operations. Regularization is the first step to 
formalization involving activities such as establishing 
bank accounts and developing business partnerships, 
or even a bridging permit enabling a level of hybridity 
and flexibility (Lawson 2020).
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Different levels of financial literacy

Artisanal and small-scale mining is conducted by a 
broad cross section of people; some are educated 
businesspeople, but a large proportion have low levels 
of education, literacy and financial literacy. A staged 
approach to formalization and regularization provides 
opportunities for capacity-building and understanding 
existing systems of traditional finance (such as women’s 
savings clubs). 

Different levels of understanding of the prospectivity of 
their mine and market demand for their product

There is an opportunity for miners to engage in small-
scale approaches to understanding the geology 
and value of their product, its supply chain and the 
opportunities for growth. 

Gender inequality in accessing finance

Two groups of systemic and institutional constraints 
face women in artisanal and small-scale mining and also 
control the work they do. These are: lack of ownership, 
control and access to finance and more valuable assets; 
and the high burden of unpaid and poorly paid work 
that women undertake, which limits their economic 
opportunities. Gendered structural inequality often 

means that women in poorer areas have had less 
access to education. Women who cannot read are 
disadvantaged in all administrative and legal procedures 
for land permitting and licensing. Accessing finance 
for business development in artisanal and small-scale 
mining is difficult enough for women, but becomes 
almost impossible without literacy and numeracy. While 
banks may lend to agricultural projects, they are often 
unwilling to lend to ‘risky’ artisanal and small-scale 
mining projects and rarely consider mines as collateral 
(Spiegel, 2012). Banks will consider property as collateral, 
but this is less likely to be held by women. Women may 
also be required to have a male relative’s signature on 
official documents.

Capacity to undertake environmental, social 
and governance assessments

It will be important to involve a range of stakeholders 
in environmental, social and governance assessments, 
notably the miners themselves through self-assessment 
and in cooperation with local authorities and non-
governmental organizations with sympathetic and 
constructive oversight. Involving miners themselves and 
building a team of assessors will contribute to creating 
an enabling culture in the industry.

Senderistas © Shutterstock
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7.7 CONCLUSIONS OF THE CHAPTER

The artisanal and small-scale mining sector is a labour-
intensive activity sustaining millions of people and 
contributing significantly to national economies and 
global mineral supply chains. It is also the main source 
of development minerals, which are used domestically in 
construction, manufacturing and agriculture. Operations 
are mostly informal and artisanal and small-scale miners 
are among the most marginalized workers globally. 
Initiatives such as the Mosi-oa-Tunya Declaration and 
the United Nations Environment Assembly Resolution 
on Mineral Resource Governance (UNEP/EA.4/
Res.19) seek to reduce supply chain risks for buyers 
of commodities and improve the lives of communities. 
Barriers to formalization include compliance fees, 
land tenure, complex registrations and lack of finance. 
These obstacles can be reduced with locally tailored 
and decentralized licensing procedures, as well as 
capacity-building, tax incentives, access to funding and 
technical support, more local participation and access 
to geological and geospatial data. Often perceived as 
high risk by financiers, the sector is not directly suitable 
for traditional finance owing to unpredictable returns on 
investments and a lack of collateral. Potential formal 
sources of finance include debt finance arrangements, 
such as microfinance, local savings and credit schemes, 
commercial banks, donor-funded schemes, cooperative 
banks, government loans and national development 
banks, as well as equity financing arrangements. An 

original survey of artisanal and small-scale mining 
miners in the Delve Exchange knowledge network of 
the World Bank highlighted common finance needs for 
equipment and machinery, exploration, mapping, permits, 
licences, feasibility studies and mine-site preparation. 
Further costs include salaries for workers, food supplies, 
utilities and fuel, as well as education. The survey also 
highlighted the prevalence of abusive and exploitative 
lending practices by informal lenders.

As suggested by previous international policy 
instruments, the sector would greatly benefit from the 
establishment of an international framework that directly 
addresses financial challenges. To this end, the Chapter 
introduces the concept of the Meridian Principles, 
inspired by the Equator Principles. These should be 
designed in such a way as to not only benefit miners and 
their communities, for example through improved health 
and safety standards, but also through mitigation of 
environmental, social and governance risks in artisanal 
and small-scale mining operations, to make previously 
high-risk investments more attractive to financiers. 
Processes for carefully selecting borrowers (e.g. 
prioritizing groups that can demonstrate accountability 
for their loans), capacity-building on both the supply and 
demand sides, and the provision of credit guarantee 
facilities will also increase the interest of financiers.
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8.1 CONCLUSIONS

162	 https://www.oecd.org/daf/inv/mne/mining.html.

This report has shown the need for internationally 
coordinated action by multiple stakeholders – the 
financial sector, including the banking sector, insurers and 
financial institutions more generally, bilateral agencies, 
public authorities, investors, academia and research 
institutions, and non-governmental organizations (NGOs) 
– to close the gap between mineral and metal production 
and sustainable development. There is widespread 
support for mining in many of the communities in which 
it operates because of the benefits it generates. There 
are also many examples of social and environmental 
good practice in the mining industry, but there is also 
evidence that impacts related to minerals and metals 
production are still considered economic externalities by 
a large part of the industry and left for local communities, 
governments and future generations to cope with. In 
consequence, social and environmental impacts on these 
communities, which have a disproportionate impact on 
women and Indigenous peoples, continue to generate 
widespread hostility to mining. Individual initiatives alone 
will not solve these problems and the adoption of good 
practice would be accelerated by some supervision by 
a global yet streamlined public-private structure that 
combines the most ambitious approaches of the many 
fragmented governance initiatives.

There has been considerable development in the form 
of some widely used reporting standards for exploration 
projects, as well as real progress over the last 20 years 
in the availability, accessibility and quality of site-level 
data and information on exploration projects. Despite 
this, there are still many gaps to be filled to provide the 
comprehensive, site-level, detailed data and information 
needed to inform all stakeholders of the full sustainable 
development-related impacts of minerals and metals 
production projects and productive operations, 
including those of artisanal and small-scale mining. 
These data and information are necessary to properly 
inform and guide the actions of investors and financial 
institutions and all other stakeholders. As regards 
the facilitation of decision-making, the availability of 
such data and information would help to develop trust 
among stakeholders, speed up projects and, ultimately, 
reduce costs, including those related to economic, 
environmental and social externalities. Financial and 
other policy instruments need to be assessed in tandem.

The development in Australia and Canada of mandatory 
reporting on mineral exploration projects carried out by 
companies listed on their respective stock markets, while 
not perfect from a sustainability perspective, and the 
Global Tailings Management Initiative show that progress 
is achievable and that it is not only not a deterrent to, but 
may be a requirement for, the development of the minerals 
and metals industry. In South America, the Regional 
Agreement on Access to Information, Public Participation 
and Justice in Environmental Matters in Latin America and 
the Caribbean (Escazú Agreement), which came into force 
in 2021, may lead to greater information provision from 
and community engagement in, mining projects. 

At the same time, a possible future framework on 
international reporting and disclosure will need to be 
adapted to the constraints of small and medium-sized 
companies, both domestic and international, and to 
the local complexities of artisanal and small-scale 
mining operators, who lack the resources to report on 
their activities in detail. The almost total opacity of the 
agreements for long-term contracts, which some original 
equipment manufacturers and supply-chain enterprises 
have entered into with mining companies, will also need 
to be addressed. 

It will be very important for transparency and reporting 
requirements to extend to supply chains too. The 
approach of the guidance of the Organization for 
Economic Cooperation and Development (OECD)162 
means that all companies throughout the supply chain 
have to share the task of collecting information, carrying 
out risk assessments and implementing mitigation 
measures. The European Union has been building its 
environmental, social and governance expectations 
around this system, in particular through the Batteries 
Regulation (Regulation (EU) 2023/1542), but also the 
Conflict Minerals Regulation (Regulation (EU) 2017/821), 
the Directive on corporate sustainability reporting 
(Directive (EU) 2022/2464) and the Directive on corporate 
sustainability due diligence (Directive (EU) 2024/1760). 
The approach requires independent third-party 
verification at specific points in the supply chain. With the 
cooperation of the London Metal Exchange, all metals 
producers now have to comply with the requirements 
of the OECD guidance, which allows companies further 
downstream in the supply chain to have some sense of 
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assurance.

Processing and refining capacities are also an important 
part of the supply picture; they may present some of 
the biggest bottlenecks and challenges around securing 
capital expenditure for investment in new processing and 
refining capabilities. This is also the stage where some 
of the minor metals that are very important for the low-
carbon energy transition, and that are produced in very 
small or relatively small quantities, leave the mining value 
chain. An important task of the proposed international 
minerals and metals agency (see below) would be to 
determine how to secure greater recovery of these minor 
(or companion) metals where this seems desirable.

Looking at the sector in the round, there will be no 
low-carbon energy transition away from fossil fuels 
without action leading to the restoration of trust among 
all parties involved and to the production of the needed 
minerals and metals in accordance with traceability and 
verifiability standards, the Sustainable Development 
Goals and ethical principles. Many projects essential to 
delivering the minerals and metals needed to enable this 
transition could be delayed for years and even decades 
as a result of the lack of trust among stakeholders. 
They need to come together to provide each new 
project with its sustainable development licence to 
operate, which, among other benefits, could strengthen 
sector governance and reduce the risks to investors of 
roadblocks to project delivery.

The responsibility for action cannot be left solely to 
some members of the global minerals and metals or 
finance industries. Policymakers have a major role to 
play in synthesizing the many regulatory and institutional 
standards to create an international framework and 
address the sustainability issues of the minerals and 
metals industry. The State also needs to invest in 
responsible mining, while reducing subsidies and tax 
holidays for non-responsible mining. Governments need 
to take risks, but also benefit from returns. In addition, 
investors and financial institutions, industry end-users 
and consumers have an important role in making this 
happen by imposing their fundamental right to full 
information on economic, environmental, governance 
and social production conditions. Moreover, companies, 
irrespective of their business model, must be required 
to disclose data on their projects and operations that 
have sizeable environmental, social and governance 
impacts, such as water usage, energy consumption or 

carbon dioxide emissions, with minimum exemptions 
on the grounds of necessary commercial confidentiality. 
A sensitive balance needs to be struck, as will hopefully 
be the case with the forthcoming implementation of the 
Directive on corporate sustainability reporting, between 
the agility and flexibility of the market and the need for 
some regulation and bureaucracy to ensure that high 
environmental, social and governance standards, as 
defined and discussed in Chapter 6, are met, and non-
market public goods are delivered. 

Of the transition metals in use today, the capacity of 
recycling to meet the demand in the next decade is 
estimated to be low. Higher recovery rates are possible, 
and in the European Union, for example, they could 
be mandated through the Regulation on critical raw 
materials (Regulation (EU) 2024/1252). However, too 
often high levels of recovery are not economical from 
a private stakeholder perspective. In those cases 
where higher recovery rates are possible with current 
technologies at a reasonable cost, placing a tax on 
wasted metal could increase recovery rates. The 
revenues could help to develop new technologies and 
their market uptake. Alternatively, mining permits could 
be issued that are conditional on the proportion of the 
resource extracted. This is not currently a metric tracked 
by regulatory agencies, but it should be. However, higher 
recovery rates of metals, and the expansion of circularity 
approaches to increase the length of time they stay in the 
economy and recycling to produce secondary materials, 
may not be enough to permit a sufficient supply of some 
of these metals to meet the higher projected demands. 
In such cases, measures will need to be taken to act 
directly on such demand, to ensure that transition 
minerals are put to their highest value use to fulfil the 
basic functions (e.g. renewable energy generation) for 
which they are required.

A sustained internationally coordinated effort is needed 
to support the reinforcement of institutional capacities in 
lower-income, mineral-rich countries and to assist with the 
development of their geoscientific databases, as well as 
with the acquisition and dissemination of environmental 
and social baseline data so as to, inter alia, reveal and 
harness the contribution of artisanal and small-scale 
mining. Geological settings across the world make trade 
essential to supplying minerals and metals to countries 
without favourable geological conditions. To ensure that 
this trade fosters the sustainable development of all 
parties, a partial minerals and metals decommodification 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

280



is necessary. This would involve a willingness on the part 
of the manufacturing industry, which depends on minerals 
and metals downstream, and their consumers to pay a 
premium price for minerals and metals verifiably produced 
according to the responsible mining practices outlined 
in this report as part of a commitment to responsible 
consumption. There is some evidence of such willingness 
in the green steel contracts that are being entered into 
by some vehicle manufacturers. All of this calls for 
well-coordinated international actions to address the 
sustainability issues related to the minerals and metals 
industry, and involves a fundamental reconfiguration 
of trade in metals and minerals and the exchanges 
through which the market operates. In the absence of 
internationally well-coordinated actions, geopolitical 
conflicts for control over strategic natural resources, 
including minerals and metals, seem likely. 

Investment considerations

The provision of minerals for the low-carbon energy 
transition at the projected levels of demand requires 
huge investment. If these minerals are produced by 
fossil fuels, their provision will cause impacts contrary 
to the objectives of the global transition towards zero-
carbon emissions. Even with a significant expansion 
of secondary sources, hundreds of billions of dollars 
in investment will be required up to 2050 to explore for 
and put into production, alongside low-carbon energy, 
the mineral deposits needed to meet the projected 
demand. The scale of investment required makes it 
even more important that high environmental, social 
and governance standards are observed; the expansion 
of mining could cause otherwise enormous social and 
environmental damage.

A huge research and innovation effort will be needed to 
develop and implement pro-sustainability technologies 
throughout the minerals and metals life cycle, with 
priority to be given to resource savings and efficiency, 
followed by the high-quality recycling of minimized 
production wastes and end-of-life products. The 
development and deployment of these technologies 
must not be allowed to be impeded by overly restrictive 
bureaucratic requirements, including where in relation 
to intellectual property.

163	 See the Guide to cash-settled futures of the London Metal Exchange (July 2020) at https://www.lme.com/en/education/online-resources/
lme-insight/introduction-to-cash-settled-futures.

The market problem with the supply of green metals is 
that higher prices are needed for the needed quantity of 
supply to be explored for, developed, mined, and delivered 
to the market over the next 30 years. Miners are not willing 
to act now at the necessary scale to bring deposits on 
line in 15 years in view of the lack of surety over returns. 
Demanders are similarly unwilling to undertake research 
and development to develop green energy alternatives on 
the scale needed without some surety of green metals 
supply at a reasonable price. Forward markets, where 
suppliers sell and demanders buy at some future specified 
date, as is offered for some metals by the London Metal 
Exchange,163 need to be further developed for transition 
minerals. 

Public investment in minerals provision is likely to be 
mainly focused on education, research and innovation 
and the strengthening of scientific institutional 
capacities, including in geological surveys, which will 
then enable mining companies to undertake the more 
detailed exploration activities needed to determine 
whether there is an economically viable resource. 
Attracting more students into the study of mining 
disciplines is also of major importance. At present 
there are falling numbers of student recruitment in 
every discipline related to mining, even geology, which 
is at least partially because mining may be perceived 
as a ‘dirty’ industry. It is important to raise the profile 
of mining as a field that can lead to rewarding careers 
not just in mining, but also in environmental, social and 
governance-related fields in the industry. Mining needs 
to be perceived and recognized as a business requiring 
many different skills that is fundamentally important 
to achieving the Sustainable Development Goals and 
delivering sustainable development.

While public finance is also proving important in some 
jurisdictions for exploration, as well as geological surveys, 
private funds will also need to be leveraged (for example, 
through public-private partnerships, blended finance 
solutions and concessional finance) in exploration and 
mining activities further downstream. Many governments 
need to strengthen their actions to design and implement 
the national regulatory frameworks required to foster a 
pro-sustainability minerals and metals industry. There also 
needs to be international coordination of these frameworks 
to develop a global regulatory playing field that is pro-
sustainability. Such actions are of the utmost importance 
to building transparency and trust among the many 
stakeholders in the global minerals and metals industry. 
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The drivers of pro-sustainability improvements in mining 
will need to be: effectively enforced legal frameworks; 
effectively enforced transparency (site-level disclosure) 
and accountability (quadruple bottom-line reporting 
at the site level), with short-term (next year), medium-
term (2–5 years) and long-term (5–10 years) quantified 
improvement objectives; civil society engagement, 
with free and prior informed consent; informed and 
transparent economic, environmental, social and 
governance objectives for investors; and an end to 
tax havens and tax evasion schemes, in line with the 
standards of the Global Forum on Transparency and 
Exchange of Information for Tax Purposes.164 The 
Responsible Mining Index165 has also played a very 
useful role in highlighting progress, or the lack thereof, 
on issues of social and environmental responsibility in 
the mining industry. Such issues are also now being 
picked up by policy developments in the European Union 
(the Directive on corporate sustainability reporting and 
the Directive on corporate sustainability due diligence). 
In the United States of America, there have been some 
developments (e.g. Climate Disclosure Rules of the 
Securities and Exchange Commission) in the same 
direction.166

For private finance to flow at scale into the mining sector, 
the risk/return ratio will need to be sufficiently attractive. 
The risk side of the ratio is adversely affected by a 
number of circumstances that are not exclusive to, but 
are particularly relevant to, the mining sector: geopolitical 
risk; governance and policy risk; environmental, social 
and governance-related risk; local social factors; and the 
risk of asset-stranding from technological innovation 
(see the Appendix to Chapter 5).

Policy risk comes about through uncertainties related 
to national and international policy. The former arises 
over uncertainty as to whether national governments 
will permit mining companies, once investments have 
been made, to extract the minerals over the long term 
so that the companies can recoup and make a normal 
return on their investment. The latter may arise when 
the governments of richer countries engage in subsidy 
competition to attract investment away from countries 
that would be better suited to supplying mineral demands. 

164	 https://www.oecd.org/tax/transparency/.
165	 https://2022.responsibleminingindex.org/en.
166	 United States of America, Securities and Exchange Commission, see: https://www.sec.gov/news/press-release/2022-46; https://www.sec.
gov/files/rules/final/2024/33-11275.pdf.

Countries and regions with a strong regulatory framework 
may need to review it to enable permits to be obtained 
more quickly. Stable and proportionate policies are 
essential to allowing the kind of innovation that will be 
required to meet the coming global demand for minerals 
and metals in a sustainable manner. This calls for 
internationally coordinated action.

Environmental, social and governance-related risk 
for investors arises when the mining companies that 
receive their investment do not pay adequate attention 
to environmental, social and governance factors and 
thus attract negative publicity and, perhaps, hostile 
campaigning activity. At the least, this can lead to 
reputational damage, but if sufficiently intense it can 
have an effect on the actual mining operations of the 
company and to the global supply of minerals and 
metals. To reduce this risk, the alignment of investors’ 
financial portfolios with climate and biodiversity goals 
should be assessed and monitored, with the definition 
and disclosure of viable pathways to allow companies 
to align with such goals. The effective traceability 
of environmental, social and governance-compliant 
minerals throughout the whole mineral life cycle 
(including recycling) is also key to reducing these risks. 
On the basis of these factors, financial institutions can 
determine specific exclusion criteria and an engagement 
strategy that supports companies’ transition pathways.

The risk arising from local social factors is a specific 
kind of environmental, social and governance risk, in 
that it derives from the company failing to win a social 
licence to operate, either because it damages some 
aspect of the community or environment in which it 
is operating, or because it fails to meet the economic 
expectations (e.g. in respect of wages, employment, 
working conditions or community infrastructure) of its 
host community. Transparency in respect of mining 
operations is essential to winning the trust of local 
communities, including in terms of their impacts, 
particularly on women and Indigenous people. It may 
be that the social licence to operate, which is currently 
informal, should be tied in some way to regulatory 
processes.
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The return side of the risk/return ratio is obviously 
affected by the uncertainties surrounding both the cost 
at which the mineral can be produced and the price at 
which it can be sold. Mining companies are used to 
handling these uncertainties, but they are likely to be 
particularly acute in respect of the minerals required for 
the low-carbon energy transition, for at least five reasons, 
which are discussed in detail in earlier chapters. 

First, the scale at which it seems likely that some of the 
minerals will be demanded (e.g. copper and perhaps 
nickel), which requires very large investments.

Second, innovation and technological change, which 
means that minerals currently thought crucial to the 
low-carbon energy transition (e.g. lithium and graphite) 
may be substituted by other minerals or displaced by 
completely new technologies serving the same function. 

Third, the fact that many of the relevant minerals are 
currently produced as by-products of the production of 
other metals, so that the profitability of producing them 
is inextricably linked to that of the primary metal being 
produced. 

Fourth, some of the minerals are needed in very small 
quantities (e.g. rare earth elements), meaning that they 
are expensive to process and may not be attractive 
for mining companies, despite selling for a high price 
(as they would require a lot of investment for a very 
small market). Moreover, the competitiveness of new 
production plants may be undermined by predatory 
pricing from other jurisdictions. 

Fifth, the production of minerals to high environmental, 
social and governance standards may incur costs 
that are not faced by production elsewhere that are 
subject to lower standards, making minerals subject to 
high environmental, social and governance standards 
uncompetitive in price-driven commodity markets. 

Addressing these issues requires major changes to 
price and procurement policies so as to allow investors 
and mining companies to invest and produce in the 
knowledge that they will sell their product at a price 
that will take into account the observance of high 
environmental, social and governance standards. Policy 
instruments for these purposes need to be developed 
and implemented internationally. Suggestions for such 
instruments have been made throughout this report and 
are summarized in the recommendations to follow.

Each of these risk/return issues has its own dynamics 
and will require a risk strategy, involving the relevant 
set of actors. Such issues need to be addressed so that 
private financial institutions feel sufficiently confident to 
provide the scale of finance that is required. This involves 
agreements founded on a mutually beneficial three-way 
partnership between the host community, the producing 
country and the importing country, which includes the 
major relevant stakeholders (companies, investors, trade 
unions) from each side. North-South partnerships must 
put the sustainable development objectives (including 
strengthening local content) of mining countries at their 
heart and back this up with the capital and guarantees 
needed for responsible mining compliant with 
environmental, social and governance standards.

The terms of the partnership must be sufficiently 
attractive to the local community for it to actively 
welcome the mine, following extensive engagement 
with the mining company at the exploration stage and 
thereafter. For the national government, the terms must 
offer the prospect of wider economic linkages and 
development. For the importing country, the partnership 
needs to ensure the security of the mineral supply within 
an agreed price window. 

The partnership agreement would need to be expressed 
in a long-term binding contract that sets out the details 
of the terms along these lines, such that each of the 
major stakeholders feels that it is deriving a fair share 
of the benefits of the mining enterprise. The alternative 
seems likely to be an intensification of the current 
arrangements of supply contracts, offtake agreements 
and other means (as discussed in Chapter 5), which 
could lead to an unseemly scramble for transition 
minerals, price volatility, speculation and potential 
hoarding by original equipment manufacturers, driven 
by expectations of future mineral shortages.

The negotiations over these terms would doubtless 
be intense and protracted. Given the levels of mistrust 
currently common between local communities, host 
countries and mining companies, this is to be expected. 
It is only through the successful conclusion and 
operation of such partnership agreements that greater 
trust can evolve so that mines can be built and operated 
without conflict.
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This is important for small, local companies as well as 
for large-scale mining operations. These companies 
can be supported by collaborative organizations, i.e. 
clusters, associations and networks that can discuss, 
negotiate and develop more sustainable mining. An 
example of a good practice is the Iberian Sustainable 
Mining Cluster, which is aimed at promoting sustainable 
mining, consolidating the strengths of the mining sector 
and its associated services and boosting sustained 
economic growth, giving priority and special attention 
to small and medium-sized enterprises (SMEs). There 

167	 https://mining.ca/towards-sustainable-mining/.
168	 https://www.fao.org/tenure/voluntary-guidelines/en/

is also the Towards Sustainable Mining standard,167 
developed by the Mining Association of Canada, which 
is now being used by some Scandinavian countries. 
However, in less advanced developing countries, support 
may be necessary for local communities and businesses 
that lack the structured business activities and skill 
levels to allow them to negotiate effectively with mining 
companies.

The rest of this Chapter sets out recommendations 
for the conditions that would have to exist for such 
stakeholder partnership arrangements to be viable.

8.2 RECOMMENDATIONS

i. �Improve transparency, reporting 
and local engagement

Transparent reporting is essential and a pre-condition 
for mining companies to be held accountable to 
stakeholders for their impacts. These companies 
should therefore have a mandatory requirement to 
disclose information about their environmental and 
social impacts, on a site-by-site basis, and ensure that 
this information is publicly available to inform decision-
making processes. 

This is especially important because, with an expansion 
of mining activities, more and more projects will enter 
into the lands claimed by Indigenous people, and many 
land claims are not yet settled by nation States. The 
financial sector needs to recognize this and promote 
implementation principles based on free prior and 
informed consent, recognizing Indigenous people’s 
rights according to United Nations rights to land (for 
example, as articulated in the Voluntary Guidelines on 
the Responsible Governance of Tenure of Land, Fisheries 
and Forests in the Context of National Food Security 
of the Food and Agriculture Organization of the United 
Nations168 (see Chapter 3)), rights to national resources 
and the requirement to seek meaningful consultation and 
consent. This will require an engagement with customary 
systems that are not often recognized by States and 

companies. There should be more support for Indigenous 
communities, as environmental, social and governance 
issues cannot be adequately considered without 
considering Indigenous rights. The reporting should 
also include the issues of climate mitigation, climate 
adaptation, impact on biodiversity, social impacts and 
pollution (including toxicity and the use of chemicals), and 
take into account the interconnection between agendas 
and how they can interact positively or negatively.

The reporting should be done to an international standard 
with a harmonized minimum core set of data points 
to help benchmarking, inform decision-making on 
investment and lending, and rely as much as possible 
on existing or emerging reporting and disclosure 
requirements (e.g. the Task Force on Climate-related 
Financial Disclosures and the Task Force on Nature-
related Financial Disclosures). This information should be 
externally audited to assess its veracity. The concept of a 
competent or qualified person, developed by stock market 
supervisory authorities, essentially in Canada and Australia 
for reporting on exploration activities, at the time of the 
completed feasibility study, could possibly be extended 
to implement this auditing requirement. It is to be hoped 
that many of these issues will be effectively addressed 
by the forthcoming implementation of the Directive on 
corporate sustainability reporting and the Directive on 
corporate sustainability due diligence, as discussed in 
Chapter 6 and mentioned above.
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The current sustainability reports of many companies 
mainly provide company-wide aggregate information 
only, often across sites in many different countries. This 
is not adequate to provide transparency on company 
operations in particular places and countries. It is easy 
to gloss over poor practices and outcomes in a general 
sustainability report. The variety of reporting standards 
also fails to serve transparency because they enable 
companies to choose indicators that show them off to 
best advantage, while allowing them not to report on 
issues where their performance has been substandard. 
It is to be hoped that the work of the International 
Sustainability Standards Board, which seeks to integrate 
some of the most used reporting protocols and is 
taking over the monitoring and responsibilities of the 
Task Force on Climate-related Financial Disclosures 
from 2024, will provide a reporting framework that 
becomes universally adopted in the near future. So 
far, the Standard for Responsible Mining developed by 
the Initiative for Responsible Mining Assurance is the 
most comprehensive existing reporting framework 
available for reporting on the environmental, social and 
governance performance of active production sites.

From the very beginning of mineral exploration, 
companies performing exploration activities, investors 
in these activities and public authorities promoting 
and regulating these activities should all support the 
acquisition of baseline data by environmental and social 
scientists, distinguishing between men and women, 
and with the active, verifiable engagement of the local 
community, including women and Indigenous people. 
Working jointly, developing transparency and public 
reporting on these topics is an efficient way of identifying 
risks and developing risk reduction and mitigation 
strategies at an early stage, reducing the risk of later 
conflicts and other issues that otherwise can delay a 
project for years, or even block it. These risks can also 
be reduced by using these engagement activities to 
identify local economic opportunities and improve social 
conditions. Risk reduction of this kind will make projects 
more attractive to investors and financial institutions.

In addition to more transparent reporting and systematic 
engagement, work should be accelerated on enabling a 
digital product passport for all mineral commodities and 
their value chains, so that the output of each mine and its 
subsequent processing can be identified according to its 
environmental, social and governance credentials on the 
basis of a standard reporting protocol. Trading exchanges 
could require such environmental, social and governance 
information for the metals which they handle.

In the first instance, the passport could only be applied 
in respect of the mine output, although in due course it 
could be applied downstream to metallurgical processes 
for particular issues, such as greenhouse gas emissions. 
The process could start with some of the metals that 
have the most problematic environmental, social and 
governance impacts and could be implemented by 
companies with the necessary skills and resources to do 
so. By specifying the contents and location of key metals 
in a given product, it is to be hoped that the end-of-life 
reclamation of these metals would be greatly facilitated, 
and investors, financial institutions and the downstream 
supply chain would be reassured about the responsible 
nature of production. Special arrangements may need 
to be made for minerals from artisanal and small-
scale mining. The Global Battery Alliance has already 
developed a proof-of-concept in the form of a digital twin 
of a battery passport, which specifies the information 
requirements for such a passport in some detail.

Recommendations:

	z Mining companies should report their financial, 
environmental, social and governance 
outcomes on a site-by-site, gendered and 
‘shared value’ basis that also takes Indigenous 
rights into account, according to an agreed 
industry-wide protocol. 

	z Site-by-site reporting should contain at a 
minimum the information covered by the 
International Resource Panel (IRP) Protocol 
for the planning and monitoring of mining 
operations (IRP 2020, p. 311).

	z Current corporate processes that engage 
with and involve local communities in data 
acquisition and reporting should be developed 
and become more widely adopted.

	z A digital product passport for all mineral 
commodities and their value chains, including 
environmental, social and governance 
information, should be developed on the 
basis of a standard reporting protocol, and be 
required by metal trading exchanges.
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ii. �Incentivise higher mineral recovery 
and recycling rates as part of the 
circular economy

There is a lack of incentives in policies and practices in 
many countries for the recovery of a high proportion of 
the main metal resource, let alone for minor by-products 
and accompanying elements. The residual metal 
therefore ends up in tailings, which are often not properly 
recovered during the mineral processing and metallurgical 
treatment of ores, so the metal residues end up diluted 
in containments or in slags, or are wasted. Most of the 
minor metals are concentrated in smelters and refineries 
and often do not count in mining operations (in the 
absence of integrated processes). Even though there are 
many possible innovative approaches to recovery, there 
is a high risk associated with complicated processes 
and a lack of standards and good practices to support 
circular economy initiatives, such as industrial symbiosis. 
Incentives should be given to mining companies to extract 
a high proportion of the available resource. The presence 
of minor elements in exported ores should also be 
identified so that consideration can be given to the benefit 
the exporting country should derive from them.

In principle, recycling should be considered a final-stage 
circularity option after the implementation of all other 
possible pro-circularity actions needed to reduce the 
demand for primary minerals and metals and to promote 
the use of more abundant minerals and metals. Pro-
circularity actions include a wide range of actions, such as 
the eco-design of products and the fight against planned 
obsolescence, as well as the reuse, refurbishment, 
repairability and remanufacturing of goods, and lifetime 
extension options. Any targets for material recovery 
and recycling through extended producer responsibility 
requirements should be set without compromising these 
other circularity approaches. 

At the same time, the finance of pro-circularity projects 
should promote the best available technologies and 
practices so that products may be put to alternative use 
(e.g. batteries can have multiple lives), and new, more 
efficient technologies can supersede outdated ones. The 
social costs of all available circularity options, including 
material, energy and labour inputs, environmental 
impacts and geographical conditions, should be taken 
into account, as well as their potential benefits, such as 
energy efficiency in the (remaining) lifetime of products 
and job creation. 

169	 E.g. https://www.mineralplatform.eu/.

The volume of transparent and updated information 
about, inter alia, resources, investment procedures, 
taxes and local requirements in mining countries has 
been increasing,169 as have global industry standards 
on tailings management. However, more transparent 
data, regulations and good practices are also needed for 
the recovery of metals from tailings and elsewhere, e.g. 
through biomining.

The safety and regulation of informal recycling systems 
need to be improved through effective monitoring 
measures and the funding of appropriate technology. 
Public-private partnerships can be used to set up formal 
recycling systems, particularly in emerging economies. 
Eco-design financing can help to address the challenge of 
product design, which is critical to ensuring that products 
can be easily disassembled and recycled. Green bonds 
can be used to fund the development of new recycling 
facilities and infrastructure able to handle the increasing 
complexity of modern products. Impact investment can 
be used to fund companies that are developing new 
recycling technologies able to handle different processing 
streams, including urban mining, and working on new 
ways to recover metals from products that are difficult 
to recycle. Governments can finance awareness-raising 
campaigns for household recycling with a particular 
focus on population groups with lower rates of recycling. 
Governments can enable finance for investments in the 
recycling infrastructure to lower the cost of recycling and 
make it more economically viable. Without the reliable 
and realistic measurement of past and current recycling 
efforts, it becomes extremely difficult for stakeholders to 
make decisions on recycling policies and finance.

The long lifetime of products, while generally desirable 
from a circularity perspective, presents a challenge for 
recycling, because economically viable recycling requires 
substantial quantities of end-of-life materials to become 
available, and because technologies can evolve quite 
quickly, creating uncertainty about the demand for the 
recycled materials once they eventually become available. 
Financial support for recycling may be required in advance 
of these materials becoming available for recycling. In 
addition, projections of future metal prices are crucial 
to making decisions about investments in recycling 
infrastructure. Internalizing the social and environmental 
costs of primary metals in their price will make it 
more economically viable to recycle these metals, but 
financial incentives for integrated metal production 
may also be required to reduce the vulnerabilities of 
recycling firms to the high volatility of metal prices. A 
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better understanding of the comparative environmental 
and social costs of mining and recycling required to 
produce transition minerals is necessary to make better-
informed investment decisions for sustainable resource 
management. The environmental and social cost of 
metal recycling can be assessed using methods such 
as the impact pathway approach. The development 
of assessment methods for environment, health and 
safety in the mining and recycling industries could also 
help policymakers to choose more eco-friendly support 
measures.

Recommendations:

	z Incentives should encourage mining 
companies to extract high proportions of the 
metals in their ores.

	z More information about tailings and other 
residues should be made available to open up 
possibilities for re-mining in the future.

	z Exporting countries should benefit from the 
extraction of by-product metals recovered in 
the smelting and processing stages in other 
countries.

	z The recycling of minerals and metals should be 
considered the final stage in circular materials 
management, following the application of other 
circularity approaches before products reach 
the end of their life.

	z Policymakers should improve the economic 
viability of circular economy approaches 
to materials and product management by 
internalizing the social and environmental 
costs of primary materials production, 
implementing circular policies through the 
transition minerals value chains, validating 
novel financial instruments (e.g. green bonds) 
to increase investment in circularity, and 
supporting innovative remanufacturing and 
recycling technologies. 

	z In addition to the maximum use of circularity 
policies and approaches, material demand 
management is likely to be necessary to 
ensure that the material supply is sufficient 
for the essential uses in the low-carbon 
energy transition.

iii. �Improve the management of mineral 
markets and build stronger national 
institutions

Current metal markets discriminate against metal 
production with high environmental, social and 
governance standards because of the lack of a recognition 
system for such products, which would allow them to 
command higher prices and attract customers aware of 
environmental, social and governance concerns. While 
the ultimate objective should be for all traded metals to 
be produced according to high social and environmental 
standards, there are a number of possible ways that 
global metal production could be pushed in this direction, 
including by developing mandatory product passports 
and giving greater weight to environmental, social and 
governance performance by the financial sector, as 
discussed earlier.

Companies that seek to produce to high environmental, 
social and governance standards and internalize 
environmental and social costs run the risk of becoming 
less competitive than companies that do not. A solution 
that has often been proposed in such contexts is a 
border adjustment that seeks to level the playing field 
between products and processes that have internalized 
environmental and social costs and those that have not. 
A possible mechanism to achieve this would be a raw 
material border adjustment mechanism. Its purpose 
would be to ensure that products produced to high 
environmental, social and governance standards, and the 
factories and other facilities that produce them, are not 
undercut in price by commodities with low environmental, 
social and governance standards The border adjustment 
mechanism is not meant to be a protectionist tool 
but rather aimed at leveling the playing field in terms 
of sustainability indicators in global trade. Including 
development indicators and benefit sharing impacts in the 
adjustment mechanism may favor the Global South as 
well. 
The implementation of this recommendation would 
require the availability of the information resulting from 
earlier recommendations. The instrument should be 
designed in such a way as to encourage all jurisdictions to 
adopt high standards so as to obviate the need for border 
adjustment for imports. The instrument should also be 
robustly designed to ensure it is not discriminatory, except 
as regards high and lower environmental, social and 
governance standards, and it should be flexible enough 
to recognize efforts to improve environmental, social and 
governance performance from low starting points, as well 
as high environmental, social and governance standards. 
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A mining club for sustainable development might help to 
increase environmental, social and governance standards, 
perhaps building on an initiative like the Minerals Security 
Partnership, a coalition of 14 countries and the European 
Commission set up “to accelerate the development of 
diverse and sustainable critical energy minerals supply 
chains” and “strive to elevate environmental, social, and 
governance (ESG) standards across the global minerals 
sector”.170 However, the Partnership currently only has 
developed countries as members, with the exception 
of India, and has no representation from either Latin 
America or Africa. It will need to become more diverse if 
it is to achieve its objectives and provide a solid basis for 
responsible minerals production and trade.

Through international development cooperation and other 
means, many resource-rich countries require support for 
regulatory capacity-building and reform in order to ensure 
that they can monitor and enforce the production of their 
resources to high environmental, social and governance 
standards. A possible mechanism would be the inclusion 
in free trade agreements of a requirement for trade in 
raw materials to meet high environmental, social and 
governance standards in areas such as capacity-building, 
economic diversification of the exporting country, access 
to finance, corporate social responsibility and responsible 
business practices.

Three sets of institutions are needed for governments to 
ensure the expansion of responsible mining: a geological 
survey to identify the most promising sites for future 
mining; a mining directorate to develop and enforce 
appropriate legislation, negotiate with companies to 
obtain appropriate value-sharing, and ensure that local 
communities are properly represented and able to 
participate actively in decision-making about mining in 
their localities; and an environmental agency to ensure 
that the mining operates in an environmentally sustainable 
manner and, jointly with the geological survey, acquire 
baseline data and identify any subsurface related issues, 
such as the availability of sufficient groundwater to feed 
future projects, the selection of the best possible waste 
storage sites and the assessment of natural hazards 
that may have an impact on future production or waste 
storage. While many countries already have these 
institutions, there are also many gaps, and some of the 
existing institutions are under-resourced. The institutions 
need to be robust enough to counter efforts at bribery and 
corruption, which still affect a number of countries, and 
to operate a legal system that is effective at dispensing 
justice. In countries with effective minerals governance, 

170	 https://www.state.gov/minerals-security-partnership/.

there may be a role for State-owned companies, as shown 
by the experiences of Finland, Sweden and Chile.

Support is also needed, especially for small-scale mining 
companies, to minimize permitting risk and ensure the 
achievement of responsible mining standards. In some 
mining countries, each step of mining operations (from 
exploration through to mine closure and reclamation) 
is well regulated, but care should be taken to avoid 
conflicting regulations at different levels of government. 
Mining associations or clusters to support SMEs in 
permitting and ongoing operations, as well as to help 
them to cooperate with different agencies and bodies, 
are also needed. 

The Democratic Republic of the Congo would be a 
prime candidate for such support. It has some of the 
largest and highest-grade copper and cobalt deposits 
in the world. High-grade deposits may mean that the 
mining has a lower environmental impact, thanks to a 
lower amount of energy needed and a smaller amount 
of waste produced per metric ton of metal extracted. 
However, the Democratic Republic of the Congo is one 
of the riskiest countries in which mining companies can 
invest. In such circumstances, there is a temptation for 
companies to extract only the most accessible resources 
and get their money back quickly, leaving much of the 
metal in the ground and likely sterilized. Reducing risk 
in the Democratic Republic of the Congo to enable 
consideration of longer-term investment is a high priority.

Recommendations:

	z Mineral-rich developing countries should be 
supported as necessary, through international 
development cooperation and other means, to 
legislate for and build the necessary institutions 
to regulate responsible mining effectively and 
justly, so that the whole society can benefit 
from the coming mining boom.

	z Jurisdictions that wish to actively stimulate 
mining to high environmental, social and 
governance standards and to import products 
from such mining should join together in a 
mining club for sustainable development and 
consider establishing a raw material border 
adjustment mechanism. The border adjustment 
mechanism is not meant to be a protectionist 
tool but rather aimed at leveling the playing 
field in terms of sustainability indicators in 
global trade. Including development indicators 
and benefit sharing impacts in the adjustment 
mechanism may favor the Global South as well.
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iv. �Reform the financial system: 
Financial taxonomies, architecture 
and instruments

Expanding mining will need improved access to finance. 

At present, mining generally does not appear in 
sustainable finance taxonomies, and is often excluded 
from sustainable finance portfolios. This must change, 
because there will be no low-carbon energy transition, 
and therefore no large-scale climate mitigation, without 
the minerals discussed in this report. It is therefore logical 
that finance for mining to high environmental, social and 
governance standards should qualify as sustainable 
finance and perhaps be included as a special form of 
climate finance, to be administered by the institutions 
responsible for delivering such finance, as well as through 
normal financial markets. To make a difference to 
investment levels, this would require both sustainable and 
climate finance to be dramatically increased.

More broadly, sustainable finance taxonomies are 
expected to be a powerful way to reorient financial 
flows towards pro-sustainability activities. Rather than 
including mining as a sector, it may be desirable to limit 
inclusion in the taxonomy to only those minerals and 
ores that are the most critical for the transition. This 
could help to reorient financial flows, e.g. from minerals 
such as gold, which are of limited industrial application, 
towards transition minerals. Inclusion in a taxonomy 
would require the reporting by mining companies on 
the environmental, social and governance conditions 
of production, including in respect of shared value 
between the community, mining company and country 
of operation. Sustainable finance should also be made 
available to improve the conditions and situations of 
those not performing to such a high standard, including 
in artisanal and small-scale mining production, provided 
that they have clear and monitored plans for such 
improvement that the finance could enable them to 
implement. Sustainable finance regulations also have 
an important role to play in curbing illicit financial flows, 
including those associated with aggressive transfer 
pricing and commodity mispricing.

All sources of funding, including sovereign wealth 
funds and the sustainability coalitions of private 
financial institutions (e.g. Glasgow Financial Alliance 
for Net Zero/Net Zero Banking Alliance for Climate) 
should set mandatory standards to finance only those 
mining projects that are consistent with major global 
agreements (e.g. the Paris Agreement and the Kunming-
Montreal Global Biodiversity Framework), that have won 
the consent of local communities and host countries and 
that have a low environmental impact. 

Along with the standards there would need to be 
recognition that minerals that meet such standards 
might need premium prices to enable any associated 
costs to be recovered. While the standards would need 
to be set and their achievement monitored at the national 
level, special efforts should be made to involve key 
insurance actors, re-insurers and agencies, such as the 
Multilateral Investment Guarantee Agency of the World 
Bank Group, to help to develop a globally responsible 
mining concept based on the design and implementation 
of a sustainable development licence to operate, in order 
to clarify and reduce the risks they are exposed to when 
covering specific mining projects.

Instruments promoting sustainable activities or 
behaviours support the proliferation of good practices 
and provide market signals to investors and financial 
institutions. Companies should have a credible (and 
ideally verified) transition plan that meets minimum 
requirements. Transition bonds, tailored to enable 
heavy polluters and high-emitting industries to 
improve their environmental, social and governance 
performance, are currently perceived as having a high 
risk of greenwashing, which is one of the reasons 
why the market for transition bonds has not yet been 
greatly developed. To address this perception, there is 
a need to agree on common minimum requirements 
to qualify for transition bonds. The same applies to 
sustainability-related bonds. If robustly validated and 
subject to stringent monitoring, reporting and verification 
requirements, transition bonds could be a valuable 
alternative means of raising capital for companies willing 
to shift from high- to low-carbon activities without being 
labelled as “green” or “sustainable”, while still signaling 
their transition ambition to investors and financial 
institutions.
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Public finance for mining could be provided, for example, 
through concessional finance or the reduced cost of 
capital provided by multilateral development banks, 
preferably through a coordinated initiative supported by 
all such banks. It could also use export credit agencies 
to foster higher environmental, social and governance 
standards. Such public finance should be allied to 
governance reforms to leverage private capital into 
mining at scale, by reducing investment risks.

Financial institutions should be required to assess and 
manage environmental and social risks in their lending 
and investment activities when targeting mining assets, 
and to promote responsible finance and investment by 
incorporating environmental, social and governance-
related considerations into their decisions. Many equity 
firms and other investors (for example, the Investor 
Mining and Tailings Safety Initiative of the Church of 
England Pensions Board and the Swedish Council on 
Ethics) already hold mining companies accountable for 
their environmental, social and governance performance. 
This should be generalized across the finance sector, 
including through new financial arrangements such 
as those involving original equipment manufacturers 
and supply chain actors. Aligning with existing legal 
and permit requirements, and building on the emerging 
recommendations of the International Sustainability 
Standards Board and the Task Force on Climate-related 
Financial Disclosures and the Task Force on Nature-
related Financial Disclosures, social and environmental 
standards should be ambitious. The assessment of 
performance against these standards would require the 
harmonization of metrics and the development of and 
access to relevant data and tools. 

Increased investment in responsible mining could also be 
encouraged by other public policies. For example, fiscal 
instruments could include policies that affect prices 
(taxation and subsidies), spending and investment, and 
public guarantees. Efforts to improve the transparency 
of climate risks in financial markets and regulatory 
prudential frameworks (e.g. capital requirements, the 
“green supporting factor” and the “brown penalizing 
factor”) could support the development of markets for 
green financial securities (e.g. green bonds markets). 
Possible monetary policies include adapting the collateral 

171	 Calculated from World Mining Data, 2022 edition (2020 data).

frameworks of central banks and using environmental, 
social and governance criteria in their support for mining 
investments. Such mechanisms should pay special 
attention to strengthening the investment environment 
(e.g. in terms of good governance and policy stability). 

Substantial finance will be required to build institutional 
capacities in many resource-rich countries to enable 
them to promote and regulate responsible mining 
in their territories. A 0.1 per cent ad valorem tax on 
metal production would yield about US$1 billion per 
annum.171 This would act as a small additional royalty 
payment on mined metals, as discussed in Readhead 
et al. (2023). If well thought through, it could have the 
double effect of incentivizing best practices (e.g. if its 
percentage is reduced if certain environmental, social 
and governance criteria are met) and providing funding, 
and both its design and level could be set according to 
these intended effects. The effect of such a tax on the 
prices of finished products would be very small, but it 
would provide the resources to fund or provide more 
resources for: a functional international minerals and 
metals agency (see below); a global tailings database 
(see below); specific support on geoscientific and 
environmental baseline data acquisition, especially in 
developing countries; training and capacity-building 
activities (in support of both public institutions and 
private sector development); legal assistance for 
developing countries to help them to better negotiate 
with foreign investors; and research and innovation 
projects and technology transfer. 

Both the agreement to and implementation of this 
would be difficult, as has been shown by discussions 
about international funds in the climate arena, but it 
is hard to see how else to finance the many public 
goods that are required for mining to contribute more 
consistently to sustainable development. In the interim, 
before consensus on such a tax has been reached, 
funds to enhance collective environmental, social and 
governance efforts could be collected on a voluntary 
basis through a mining industry trade group, such 
as the International Council on Mining and Metals. 
The World Gold Council collects such a levy from its 
members (in the order of US$2/oz produced), which 
could be a model.
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Recommendations:

	z Mining that meets high environmental, social and governance standards should be included in the list of 
sectors in finance taxonomies (e.g. that of the European Union) that qualify for sustainable finance and 
should also qualify as a special form of climate finance. Concrete guiding principles on business and the 
environment – similar to the very effective United Nations Guiding Principles on Business and Human 
Rights – could enable responsible mining to be identified for this purpose.

	z Reforms should be made to the financial system (e.g. taxonomies), governance (e.g. taxation regimes) and 
regulation (e.g. in terms of formalization or artisanal and small-scale mining) to ensure more capital flows to 
mineral exploration and to mining for the clean energy transition, while ensuring the implementation of risk 
management and environmental, social and governance-related investment criteria. 

	z Mining investments and financing should be tied to mandatory climate and nature-positive requirements, 
subject to stringent audit requirements. In particular, mining should not take place in protected areas.

	z Investors’ financial portfolios with climate and biodiversity goals should be assessed and monitored 
for their alignment with defined and disclosed pathways to companies’ alignment with climate and 
biodiversity goals. Financial institutions can use this to determine specific exclusion criteria and an 
engagement strategy that supports companies’ transition pathways.

	z Companies with transition plans that have robust validation should be able to receive sustainable and 
climate finance in order to signal their intentions to investors and financial institutions.

	z Financial institutions should enhance their capacity to assess and manage the environmental and social 
risks and impacts associated with mining in order to be able to recognize and finance mining to high 
environmental, social and governance standards. 

	z Fiscal, financial and monetary policies should be used to support finance for and investment in 
responsible mining and infrastructure and for the more circular use of metals in society. 

	z The mining industry should implement a global 0.1 per cent ad valorem levy on all companies as a 
contribution to a mining sustainable development fund. In due course this could become an internationally-
administered global sustainability tax, levied on all produced non-energy minerals and metals. 

WILLIAM LUQUE © Shutterstock
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v. Consider establishing international 
institutions

The International Energy Agency has already started 
publishing information about non-energy resources that 
are important for the low-carbon energy transition, but 
this is only a subset of the minerals and metals that are 
crucial for humanity’s future. Given the importance of the 
low-carbon energy transition, and the vital role of metals 
and minerals in that transition, there is a clear case 
for considering the establishment of an international 
minerals and metals agency. This would be independent 
of industry, although it would need to work closely with it 
and relevant NGOs, and would be tasked with providing 
science-based statistical data and evidence-driven 
analysis on non-energy mineral markets, technologies 
and scenarios, and on how to increase the recovery 
of companion metals. To be effective, such an agency 
should have experienced staff, adequate resources 
and be flexible and agile in its goals and organization. 
In the short and medium term, before an agency can 
be established, existing international institutional 
structures should be strengthened to fulfil these tasks. 
The development of an international minerals and metals 
agency could be taken forward by the Minerals Security 
Partnership. The Climate, Energy and Environment 
Ministers Communiqué from the 2023 meeting in Japan 
of the Group of Seven provides an admirable starting 
point for setting out what an international minerals and 
metals agency might seek to achieve in its promotion 
of responsible mining and supply chains that “follow the 
highest possible environmental, social and governance 
standards with full respect of human rights”.172  
An international minerals and metals agency could also 
form part of an international resources agency that went 
beyond minerals and metals, were such a body to be 
established.

Such an agency could also serve the function of a 
global commodity price observatory that monitors and 
analyses price behaviour, promotes price transparency 
and establishes an early warning capacity on commodity 
prices that captures changes to market fundamentals. 
Commodity price surges can lead to inflation, supply 
chain disruptions, cost-of-living crises and political 
instability. Commodity price uncertainties also have 
an impact on the viability of sustainability transition 

172	 https://www.env.go.jp/content/000127828.pdf (para. 8).

policies. This suggests that there is a case for globally 
coordinated, short-term macroeconomic policies and 
long-term sustainability policies to consider and manage 
commodity price risks through bespoke financial 
stress testing. An institution that could undertake this 
immediately is the network of central banks organized 
as the Network for Greening the Financial System, but in 
due course it could work on this with global commodity 
price observatory of an international minerals and metals 
agency, as and when it is established.

Another task for an international minerals and metals 
agency could be to facilitate the development and 
adoption of a framework of principles for investment 
in artisanal and small-scale mining. A draft framework, 
drawing on lessons learned from the Equator 
Principles, and known as the meridian principles, 
already exists. These comprise a set of specific due 
diligence principles that financial institutions commit 
to apply when they are considering financing artisanal 
and small-scale mining and quarry operations. The 
principles would ensure that the provision of any 
finance is contingent on borrowers complying with 
one of the recognized international codes of good 
practice in artisanal and small-scale mining (e.g. the 
Code of Risk-mitigation for artisanal and small-scale 
mining engaging in Formal Trade (CRAFT Code)), 
thereby improving the environmental, social and 
governance performance of operations and reducing 
the environmental and social risks that have historically 
deterred formal lending to the sector. In doing so, the 
framework would be likely to open up new funding 
opportunities for the artisanal and small-scale mining 
sector.

Before the establishment of an international minerals 
and metals agency, the development of the meridian 
principles should entail establishing a secretariat 
comprising the World Bank, financial institutions from 
different regions and representatives of artisanal and 
small-scale mining associations, including those involved 
in the World Bank Delve Exchange knowledge exchange 
platform for the artisanal and small-scale mining sector. 
The initiative could commence with pilot programmes 
targeting artisanal and small-scale miners engaged in the 
production of energy transition minerals. By encouraging 
responsible mining, this could also open up new sources 
of minerals for industry and new export avenues for 
artisanal and small-scale miners. 
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Another task that would eventually be taken on by an 
international minerals and metals agency, but one 
which should be started immediately by a collaboration 
between governments, mining companies and NGOs, 
is the creation of a global database of tailings from 
former and operational ore-processing facilities, which 
is a necessary step towards achieving a more 
sustainable mining industry. The organization and 
finance of a such a global database would need 
to be carefully planned and executed to ensure its 
success, through a collaborative and innovative 
approach, balancing the needs and interests of various 
stakeholders while ensuring the long-term viability of 
the project. A central governing body should oversee 
the collection, analysis and dissemination of data 
within the database, which would be coordinated by an 
international minerals and metals agency once one has 
been established.

The rationale for such an effort is centred on the 
fact that, while there is currently considerable data 
available on tailings facilities, it is focused primarily on 
understanding their potential environmental impacts 
of those facilities rather than the minerals, including 
companion metals, that could potentially be recovered 
from them. A comprehensive database that includes 
data on the mineralogical and geochemical composition 
of the waste, with its three-dimensional variations over 
time, data on the geotechnical and hydrogeological 
characteristics of the waste disposal site and of any 
waste confinement structures (such as tailing dams), 
and data and information on the potential impacts of 
any existing natural hazards (seismic events, landslide, 
climate change and extreme climate events) would be 
invaluable to developing new sustainable methods for 
extracting transition minerals from these tailings. Mining 
the tailings dams, while paying special attention to safety 
issues, could also help to reduce their environmental 
impact through the treatment of potentially toxic 
materials. 

The creation of such a database should build on 
existing databases, such as the Global Tailings Portal, 
by employing a combination of data scraping and 
qualitative research to collect historical data on tailings 
dams, including potential gains from tailings. In addition, 
research and development on how to extract minerals 
from tailings would be a crucial complement to the 
database, identifying which minerals can be extracted 
from which mine tailings and using which methods. 

In terms of finance, in the absence of the above-
mentioned recommended bespoke levy, funding for 
the creation and maintenance of the database could 
come from a variety of sources, such as government 
grants, private sector investment, the mining industry 
and philanthropic organizations. While it would be highly 
desirable for the database to be open access, it may 
also be possible to generate revenue from the sale of 
data or the licensing of technologies developed through 
research, development and innovation efforts. 

Finally, the critical importance of all resources to 
sustainable human development argues for the eventual 
consideration of creating a United Nations convention 
on sustainable resources to encourage the sustainable 
production and consumption of resources, including 
resource efficiency and moves towards a circular 
economy. While respecting the sovereignty of countries 
over the resources in their territories, such a convention 
would be aimed at standardizing across countries high 
environmental, social and governance standards for the 
production of resources, the incorporation of production 
externalities in their prices and the promotion of measures 
to ensure their efficient and circular use in the countries of 
consumption.

Hector M M © Shutterstock
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Recommendations:

	z Consider establishing an international minerals and metals agency to provide oversight and information 
about the state of and outlook for the world’s non-energy mineral resources and markets. It should also 
provide support for capacity-building and institutional strengthening, especially in developing countries, 
as well as support for research and innovation activities and for the development of global minerals and 
metals exploration and production-related standards.

	z Encourage the Network for Greening the Financial System to undertake systematic monitoring of 
macroeconomic risks to the financial sector emanating from commodity markets, through a global 
commodity price observatory, eventually in collaboration with an international minerals and metals agency 
when one is created.

	z Establish an international framework for managing environmental and social risks and improving access 
to formal sources of finance in the artisanal and small-scale mining sector. 

	z Governments, mining companies and NGOs should collaborate to establish a global database for mine 
tailings facilities and the potential availability of minor (or companion) metals, eventually to be managed 
by an international minerals and metals agency. 

	z In due course, consider establishing a United Nations convention on sustainable resources to 
encourage the sustainable production and consumption of resources, including resource efficiency and 
moves towards a circular economy.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

294



REFERENCES

salajean © Shutterstock



INTRODUCTION

Bobba, S., Carrara, S., Huisman, J. (co-lead), Mathieux, F. and Pavel, C. (co-lead) (2020). Critical materials for strategic 
technologies and sectors in the EU - a foresight study. European Commission, Directorate General Joint Research 
Centre. Luxembourg: Publications Office of the European Union. https://ec.europa.eu/docsroom/documents/42881.

CIM (2014) CIM Definition Standards for Mineral Resources & Mineral Reserves, https://mrmr.cim.org/media/1128/
cim-definition-standards_2014.pdf

Christmann, P., Ayuk, E., Kumar, V. and Pedro, A. (2022). Future mineral demand: the necessary transition towards 
sustainability. In Routledge Handbook of Extractive Industries and Sustainable Development. Yakovleva, N. and 
Nickless, E. (eds). London: Taylor & Francis.

Columbia Center on Sustainable Investment, United Nations Development Programme and World Economic 
Forum (2016). Mapping Mining to the Sustainable Empowered lives. Resilient nations. Development Goals: 
An Atlas. New York, NY: Columbia University. https://scholarship.law.columbia.edu/cgi/viewcontent.
cgi?article=1086&context=sustainable_investment_staffpubs.

Danielson L. (2022). MMSD – reflections on gaps remaining. Online article. Responsible Mining Foundation. 
https://www.responsibleminingfoundation.org/research/mmsd-reflections/

Elshkaki, A. and Shen, L. (2019). Energy-material nexus: The impacts of national and international energy scenarios 
on critical metals use in China up to 2050 and their global implications. Energy 180, 903–917. https://doi.
org/10.1016/j.energy.2019.05.156.

European Commission (2017). Study on the review of the list of Critical Raw Materials—Criticality Assessments. 
Luxembourg: Publications Office of the European Union.

European Commission (2020). Study on the EU’s list of Critical Raw Materials – Final Report. Luxembourg: 
Publications Office of the European Union.

European Commission (2023). Study on the Critical Raw Materials for the EU 2023. Luxembourg: Publications Office 
of the European Union. https://single-market-economy.ec.europa.eu/document/download/04f72016-032f-4dc1-
92cd-1ada791b5540_en?filename=Study%202023%20CRM%20Assessment.pdf 

EY (2023). Top 10 business risks and opportunities for mining and metals in 2024. https://www.ey.com/en_ca/
mining-metals/risks-opportunities

Graedel, T.E., Harper, E.M., Nassar, N.T., Nuss, P. and Reck, B.K (2015). Criticality of metals and metalloids. PNAS 
(112), 4257-4262.

Grandell, L., Lehtilä, A., Kivinen, M., Koljonen, T., Kihlman, S. and Lauri, L.S. (2016). Role of critical metals in the future 
markets of clean energy technologies. Renewable Energy (95), 53-62. https://doi.org/10.1016/j.renene.2016.03.102.

Gielen, D. (2021). Critical materials for the Energy Transition. Abu Dhabi: International Renewable Energy Agency. 
https://www.irena.org/-/media/Irena/Files/Technical-papers/IRENA_Critical_Materials_2021.pdf.

Habib, K., Hansdóttir, S.T. and Habib, H. (2020). Critical metals for electromobility: Global demand scenarios for 
passenger vehicles, 2015–2050. Resources, Conservation and Recycling (154), 104603. https://doi.org/10.1016/j.
resconrec.2019.104603.

Heijlen, W., Franceschi, G., Duhayon, C. and Van Nijen, K. (2021). Assessing the adequacy of the global land-
based mine development pipeline in the light of future high-demand scenarios: The case of the battery-metals 
nickel (Ni) and cobalt (Co). Resources Policy (73), 102202. https://www.sciencedirect.com/science/article/pii/
S0301420721002166#appsec1.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

296

https://ec.europa.eu/docsroom/documents/42881
https://mrmr.cim.org/media/1128/cim-definition-standards_2014.pdf
https://mrmr.cim.org/media/1128/cim-definition-standards_2014.pdf
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs
https://www.responsibleminingfoundation.org/research/mmsd-reflections/
https://doi.org/10.1016/j.energy.2019.05.156
https://doi.org/10.1016/j.energy.2019.05.156
https://single-market-economy.ec.europa.eu/document/download/04f72016-032f-4dc1-92cd-1ada791b5540_en?filename=Study%202023%20CRM%20Assessment.pdf
https://single-market-economy.ec.europa.eu/document/download/04f72016-032f-4dc1-92cd-1ada791b5540_en?filename=Study%202023%20CRM%20Assessment.pdf
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.renene.2016.03.102&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098302885%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=unfEKfbSfdN8dqg%2BFHeG2qkiUojLB5tCVvqH%2BSQU90c%3D&reserved=0
https://www.irena.org/-/media/Irena/Files/Technical-papers/IRENA_Critical_Materials_2021.pdf
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.resconrec.2019.104603&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098302885%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=MUEYGDrzl5QQadtpJB7DSih4WSIuntx8qX9LUKmtDzQ%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.resconrec.2019.104603&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098302885%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=MUEYGDrzl5QQadtpJB7DSih4WSIuntx8qX9LUKmtDzQ%3D&reserved=0
https://www.sciencedirect.com/science/article/pii/S0301420721002166#appsec1
https://www.sciencedirect.com/science/article/pii/S0301420721002166#appsec1


Hund, K., La Porta, D., Fabregas, T.P., Laing, T. and Drexhage, J. (2020). Minerals for Climate Action: The Mineral 
Intensity of the Clean Energy Transition. Washington, DC: The World Bank Group. http://pubdocs.worldbank.org/
en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf.

International Council on Mining and Metals (2016). Supporting the Sustainable Development Goals. London. 
https://www.icmm.com/en-gb/our-work/supporting-the-sustainable-development-goals

International Energy Agency (2021). The Role of Critical Minerals in Clean Energy Transitions. 
Paris. https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/
TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf.

International Energy Agency (2022a). Global Supply Chains of EV Batteries. Paris. https://iea.blob.core.windows.net/
assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf.

International Energy Agency (2022b). Special Report on Solar PV Global Supply Chains. Paris. https://iea.blob.core.
windows.net/assets/4eedd256-b3db-4bc6-b5aa-2711ddfc1f90/SpecialReportonSolarPVGlobalSupplyChains.pdf.

International Energy Agency (2022c). Securing Clean Energy Technology Supply Chains. Paris. https://iea.blob.core.
windows.net/assets/0fe16228-521a-43d9-8da6-bbf08cc9f2b4/SecuringCleanEnergyTechnologySupplyChains.pdf.

International Energy Agency (2023). Critical Minerals Market Review 2023. Paris. https://iea.blob.core.windows.net/
assets/c7716240-ab4f-4f5d-b138-291e76c6a7c7/CriticalMineralsMarketReview2023.pdf.

International Energy Agency (2024). Global Critical Minerals Outlook 2024. Paris. 

International Resource Panel (2010). Metal Stocks in Society – Scientific Synthesis, T.E. Graedel. A Report by the 
International Resource Panel. United Nations Environment Programme, Nairobi, Kenya. https://resourcepanel.org/
reports/metal-stocks-society 

International Resource Panel (2019). Global Resources Outlook 2019: Natural Resources for the Future We Want. 
Oberle, B., Bringezu, S., Hatfield-Dodds, S., Hellweg, S., Schandl, H., Clement, J., and Cabernard, L., Che, N., Chen, D., 
Droz-Georget , H., Ekins, P., Fischer-Kowalski, M., Flörke, M., Frank, S., Froemelt , A., Geschke, A., Haupt , M., Havlik, P., 
Hüfner, R., Lenzen, M., Lieber, M., Liu, B., Lu, Y., Lutter, S., Mehr , J., Miatto, A., Newth, D., Oberschelp , C., Obersteiner, 
M., Pfister, S., Piccoli, E., Schaldach, R., Schüngel, J., Sonderegger, T., Sudheshwar, A., Tanikawa, H., van der Voet, E., 
Walker, C., West, J., Wang, Z. and Zhu, B. A Report of the International Resource Panel. United Nations Environment 
Programme. Nairobi, Kenya. https://www.resourcepanel.org/reports/global-resources-outlook-2019

International Resource Panel (2020). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E. T., Pedro, A. M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, 
P., Ali, S., Kumar, S. V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., 
Clement, J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., 
Lahiri-Dutt, K., Mancini, L., Nuss, P., Petersen, I. and Sanders, A. R. D. A Report by the International Resource Panel. 
United Nations Environment Programme, Nairobi, Kenya. https://www.resourcepanel.org/reports/mineral-resource-
governance-21st-century 

International Resource Panel (2023). Enabling the energy transition: Mitigating growth in material and 
energy needs, and building a sustainable mining sector. Potočnik, J. and Teixeira, I. An Opinion Piece 
of the International Resource Panel Co-Chairs. https://www.resourcepanel.org/sites/default/files/documents/
document/media/irp_co-chair_piece_enabling_the_energy_transition_update71.pdf.

Kelly, T.D., and Matos, G.R., comps. (2023), Historical statistics for mineral and material commodities in the United 
States (2023 version): U.S. Geological Survey Data Series 140, accessed January, 15 2023. https://www.usgs.gov/
centers/national-minerals-information-center/historical-statistics-mineral-and-material-commodities

297

REFERENCES

https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fpubdocs.worldbank.org%2Fen%2F961711588875536384%2FMinerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=M6RyIykOB9XumWcZ%2B8%2FEqglVdDia3OMtj%2FD08GiNSZs%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fpubdocs.worldbank.org%2Fen%2F961711588875536384%2FMinerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=M6RyIykOB9XumWcZ%2B8%2FEqglVdDia3OMtj%2FD08GiNSZs%3D&reserved=0
https://www.icmm.com/en-gb/our-work/supporting-the-sustainable-development-goals
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf
https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf
https://iea.blob.core.windows.net/assets/4eedd256-b3db-4bc6-b5aa-2711ddfc1f90/SpecialReportonSolarPVGlobalSupplyChains.pdf
https://iea.blob.core.windows.net/assets/4eedd256-b3db-4bc6-b5aa-2711ddfc1f90/SpecialReportonSolarPVGlobalSupplyChains.pdf
https://iea.blob.core.windows.net/assets/0fe16228-521a-43d9-8da6-bbf08cc9f2b4/SecuringCleanEnergyTechnologySupplyChains.pdf
https://iea.blob.core.windows.net/assets/0fe16228-521a-43d9-8da6-bbf08cc9f2b4/SecuringCleanEnergyTechnologySupplyChains.pdf
https://iea.blob.core.windows.net/assets/c7716240-ab4f-4f5d-b138-291e76c6a7c7/CriticalMineralsMarketReview2023.pdf
https://iea.blob.core.windows.net/assets/c7716240-ab4f-4f5d-b138-291e76c6a7c7/CriticalMineralsMarketReview2023.pdf
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fresourcepanel.org%2Freports%2Fmetal-stocks-society&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cf79c6665fefb4e3817eb08dcea17ceb6%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638642635190415891%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=uGs5ETz3Je1SAvpX9YkxrLk%2BCv5aNwryYcm%2Bn4k5GCY%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fresourcepanel.org%2Freports%2Fmetal-stocks-society&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cf79c6665fefb4e3817eb08dcea17ceb6%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638642635190415891%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=uGs5ETz3Je1SAvpX9YkxrLk%2BCv5aNwryYcm%2Bn4k5GCY%3D&reserved=0
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/sites/default/files/documents/document/media/irp_co-chair_piece_enabling_the_energy_transition_update71.pdf
https://www.resourcepanel.org/sites/default/files/documents/document/media/irp_co-chair_piece_enabling_the_energy_transition_update71.pdf
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Fcenters%2Fnational-minerals-information-center%2Fhistorical-statistics-mineral-and-material-commodities&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Cba1da5b7d3c041daac6408dcda3096be%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638625149427702592%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=uVqHE4wkRjpkbOlwOlgFkhPcapJKgGbr3CTI56I%2FM7U%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Fcenters%2Fnational-minerals-information-center%2Fhistorical-statistics-mineral-and-material-commodities&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Cba1da5b7d3c041daac6408dcda3096be%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638625149427702592%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=uVqHE4wkRjpkbOlwOlgFkhPcapJKgGbr3CTI56I%2FM7U%3D&reserved=0


Marscheider-Weidemann F., Langkau S., Baur S.J., Billaud M., Deubzer O., Eberling E., et al. (2021). Raw materials 
for emerging technologies 2021. Berlin: Deutsche Rohstoffagentur. https://www.deutsche-rohstoffagentur.de/
DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-50-en.pdf?__
blob=publicationFile&v=2.

Michaux, S. (2021). Assessment of the Extra Capacity Required of Alternative Energy Electrical Power Systems to 
Completely Replace Fossil Fuels. Geological Survey of Finland. https://tupa.gtk.fi/raportti/arkisto/42_2021.pdf.

Miller, H., Dikau, S., Svartzman, R, and Dees, S (2023). The Stumbling Block in ‘the Race of our Lives’: Transition-Critical 
Materials, Financial Risks and the NGFS Climate Scenarios. Paris: Banque de France. https://publications.banque-
france.fr/sites/default/files/medias/documents/wp907_1.pdf. 

Mining, Minerals, and Sustainable Development Project (2002). Breaking New Ground: Mining, Minerals and 
Sustainable Development (MMSD) Final Report. London: Earthscan. https://www.iied.org/9084iied

Moreau, V., Dos Reis, P. and Vuille, F. (2019). Enough Metals? Resource Constraints to Supply a Fully Renewable 
Energy System. Resources 8(1), 29. https://www.mdpi.com/2079-9276/8/1/29/htm 

Moss, R.L., Tzimas, E., Kara, H., Willis, P. and Kooroshy, J. (2013). The potential risks from metals bottlenecks 
to the deployment of Strategic Energy Technologies. Energy Policy (55), 556–564. https://doi.org/10.1016/j.
enpol.2012.12.053.

Nassar, N.T. and Fortier, S.M. (2021). Methodology and technical input for the 2021 review and revision of the U.S. 
Critical Minerals List. Reston, VA: United States Geological Survey. https://doi.org/10.3133/ofr20211045.

Nassar, N., Graedel, T. and Harper, E. (2015) By-product metals are technologically essential but have problematic 
supply, Science Advances 1(3).

Potting, J., Hekkert, M., Worrell E. and Hanemaaijer, A. (2017). Circular Economy: Measuring innovation in the 
product chain. January. PBL Netherlands Environmental Assessment Agency. https://www.pbl.nl/uploads/default/
downloads/pbl-2016-circular-economy-measuring-innovation-in-product-chains-2544.pdf

Reichl, C. and Schatz, M. (2022). World Mining Data 2022. Vienna: Federal Ministry for Agriculture, Regions and 
Tourism of Austria. https://www.world-mining-data.info/wmd/downloads/PDF/WMD2022.pdf

Responsible Mining Foundation (2022) Closing the Gaps … and accelerating progress on responsible mining, 
https://www.responsibleminingfoundation.org/app/uploads/RMF_Closing_The_Gaps.pdf

United Nations, Department of Economic and Social Affairs, Population Division (2022). World Population Prospects 
2022, Online database. https://population.un.org/wpp/. 

United Nations Environment Programme (2011). Recycling rates of metals - A Status report. A Report of the Working 
Group on the Global Metal Flows to the UNEP International Resource Panel. Graedel T.E., Allwood J., Birat J.-P., Reck 
B.K., Sibley S.F., Sonnemann G., Buchert M. and Hagelüken C. Nairobi, Kenya. http://www.resourcepanel.org/file/381/
download?token=he_rldvr.

United Nations Environment Programme (2024). Global Resources Outlook 2024: Bend the Trend – Pathways 
to a liveable planet as resource use spikes. International Resource Panel. Nairobi, Kenya. https://wedocs.unep.
org/20.500.11822/44901

United States of America, Department of Energy (2011). Critical Materials Strategy Report. Washington, DC.

United States Geological Survey (2022). Mineral Commodity Summaries 2022. Reston, VA. 
https://doi.org/10.3133/mcs2022.

Unites States Geological Survey. (2023) Mineral commodity summaries 2023. Reston, VA. 
https://doi.org/10.3133/mcs2023.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

298

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.deutsche-rohstoffagentur.de%2FDE%2FGemeinsames%2FProdukte%2FDownloads%2FDERA_Rohstoffinformationen%2Frohstoffinformationen-50-en.pdf%3F__blob%3DpublicationFile%26v%3D2&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=qX9uKnpq7bxWp6%2FapxaT98tUaWRrMv7FgcEOobzBJKQ%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.deutsche-rohstoffagentur.de%2FDE%2FGemeinsames%2FProdukte%2FDownloads%2FDERA_Rohstoffinformationen%2Frohstoffinformationen-50-en.pdf%3F__blob%3DpublicationFile%26v%3D2&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=qX9uKnpq7bxWp6%2FapxaT98tUaWRrMv7FgcEOobzBJKQ%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.deutsche-rohstoffagentur.de%2FDE%2FGemeinsames%2FProdukte%2FDownloads%2FDERA_Rohstoffinformationen%2Frohstoffinformationen-50-en.pdf%3F__blob%3DpublicationFile%26v%3D2&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=qX9uKnpq7bxWp6%2FapxaT98tUaWRrMv7FgcEOobzBJKQ%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftupa.gtk.fi%2Fraportti%2Farkisto%2F42_2021.pdf&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098302885%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=beWinwVgnUXE5JqhisdEpSVNGK63y0sh8gDXcK1ivW0%3D&reserved=0
https://publications.banque-france.fr/sites/default/files/medias/documents/wp907_1.pdf
https://publications.banque-france.fr/sites/default/files/medias/documents/wp907_1.pdf
https://www.iied.org/9084iied
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.mdpi.com%2F2079-9276%2F8%2F1%2F29%2Fhtm&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098302885%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=1BxUGG%2FxXy8EFfZQfAfbXMLVZTyQ7y7e7HfuDVS%2FTOI%3D&reserved=0
https://doi.org/10.1016/j.enpol.2012.12.053
https://doi.org/10.1016/j.enpol.2012.12.053
https://doi.org/10.3133/ofr20211045
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.pbl.nl%2Fuploads%2Fdefault%2Fdownloads%2Fpbl-2016-circular-economy-measuring-innovation-in-product-chains-2544.pdf&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cc2b1489857264cfd8b2608dcea0e4e1d%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638642596127538319%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=xT0A%2FYgELNQbno%2B%2Bq4PDdzzDS7AF69TeHQOGzlym1pY%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.pbl.nl%2Fuploads%2Fdefault%2Fdownloads%2Fpbl-2016-circular-economy-measuring-innovation-in-product-chains-2544.pdf&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cc2b1489857264cfd8b2608dcea0e4e1d%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638642596127538319%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=xT0A%2FYgELNQbno%2B%2Bq4PDdzzDS7AF69TeHQOGzlym1pY%3D&reserved=0
https://www.responsibleminingfoundation.org/app/uploads/RMF_Closing_The_Gaps.pdf
https://population.un.org/wpp/
http://www.resourcepanel.org/file/381/download?token=he_rldvr
http://www.resourcepanel.org/file/381/download?token=he_rldvr
https://wedocs.unep.org/20.500.11822/44901
https://wedocs.unep.org/20.500.11822/44901
https://doi.org/10.3133/mcs2022
https://doi.org/10.3133/mcs2023


Watari, T., McLellan, B., Ogata, S. and Tezuka, T. (2018). Analysis of Potential for Critical Metal Resource Constraints in 
the International Energy Agency’s Long-Term Low-Carbon Energy Scenarios. Minerals 8(4), 156. 
https://www.mdpi.com/2075-163X/8/4/156

Watari, T., Nansai, K. and Nakajima, K. (2020). Review of critical metal dynamics to 2050 for 48 elements. Resources, 
Conservation and Recycling (155), 104669. https://www.sciencedirect.com/science/article/pii/S0921344919305750

Yan, W., Wang, Z., Cao, H., Zhang, Y. and Sun, Z. (2021). Criticality assessment of metal resources in China. IScience, 
24(6), 102524. https://doi.org/10.1016/j.isci.2021.102524. 

Yang, J., Zhu, H., Ma, L. and Li, Z. (2013). An Evaluation of Critical Raw Materials for China. Advanced Materials 
Research Online (773), 954-960.

Zanoletti, A., Cornelio, A. and Bontempi, E. (2021). A post-pandemic sustainable scenario: What actions can be 
pursued to increase the raw materials availability? Environment Research (202), 111681. https://doi.org/10.1016/j.
envres.2021.111681

Zhou, Y., Li, J., Wang, G., Chen, S. and Xing, W. (2019). Assessing the short-to medium-term supply risks of clean 
energy minerals for China. Journal of Cleaner Production (215), 217-225.

CHAPTER 1

Argentina, Ministry of Productive Development (2022). Estado actual de la minería en el país y anuncios de inversión 
en el sector minero. Buenos Aires.

Barbieri, K. (1996). Economic Interdependence: A Path to Peace or a Source of Interstate Conflict? Journal of Peace 
Research 33(1), 29-49. https://doi.org/10.1177/0022343396033001003. 

Bárcena, A. (2018). Estado de situación de la minería en América Latina y el Caribe: desafíos y oportunidades para 
un desarrollo más sostenible [Main presentation]. IX Annual Mines Ministries of the Americas Conference (CAMMA), 
Lima, Peru. https://www.cepal.org/en/node/47688

Barthélemy, M., Barrat, A., Pastor-Satorras, R. and Vespignani, A. (2005). Characterization and modeling of 
weighted networks. Physica A: Statistical Mechanics and Its Applications 346(1-2), 34-43. https://doi.org/10.1016/j.
physa.2004.08.047. 

Bhattacharya, K., Mukherjee, G., Saramäki, J., Kaski, K. and Manna, S.S. (2008). The International Trade Network: 
Weighted network analysis and modelling. Journal of Statistical Mechanics: Theory and Experiment 2008(02), P02002. 
https://doi.org/10.1088/1742-5468/2008/02/P02002

BP (2022). BP Statistical Review of World Energy 2022. London. http://www.bp.com/content/dam/bp/business-sites/
en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf

Caselli, F., Koren, M., Lisicky, M. and Tenreyro, S. (2015). Diversification through Trade (Working Paper No. 21498). 
Cambridge, MA: National Bureau of Economic Research. https://doi.org/10.3386/w21498

Castillo, R. and Purdy, C. (2022). China’s Role in Supplying Critical Minerals for the Global Energy Transition: What Could 
the Future Hold? Washington, DC: Brookings Institution. https://www.brookings.edu/wp-content/uploads/2022/08/
LTRC_ChinaSupplyChain.pdf.

Chile, Chilean Copper Commission (2022). Inversión en la minería chilena - Cartera de proyectos 2022-2031. Santiago. 
https://www.cochilco.cl/web/inversion/. 

299

REFERENCES

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.mdpi.com%2F2075-163X%2F8%2F4%2F156&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098302885%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=8Uz9YOdhCvUU0QggPrN33wpgO14w2%2BxfQYP22tY9DZI%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0921344919305750&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098302885%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=5Kd71g71HHdTa%2BU7AexFDzw6LQg31zJSlDXLGebPNxI%3D&reserved=0
https://doi.org/10.1016/j.isci.2021.102524
https://doi.org/10.1016/j.envres.2021.111681
https://doi.org/10.1016/j.envres.2021.111681
https://doi.org/10.1177/0022343396033001003
https://www.cepal.org/en/node/47688
https://doi.org/10.1016/j.physa.2004.08.047
https://doi.org/10.1016/j.physa.2004.08.047
https://doi.org/10.1088/1742-5468/2008/02/P02002
http://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf
http://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf
https://doi.org/10.3386/w21498
https://www.brookings.edu/wp-content/uploads/2022/08/LTRC_ChinaSupplyChain.pdf
https://www.brookings.edu/wp-content/uploads/2022/08/LTRC_ChinaSupplyChain.pdf
https://www.cochilco.cl/web/inversion/


China, Ministry of Natural Resources (2021). Global Mining Development Report (2020-2021). Beijing.

Christmann, P. (2021) Mineral Resource Governance in the 21st Century and a sustainable European Union. Miner 
Econ 34, 187–208 (2021). https://doi.org/10.1007/s13563-021-00265-4 

Darton Commodities (2022). Cobalt market review. Guildford. United Kingdom.

Dietsche, E. (2017). Political Economy and Governance. United Nations University World Institute for Development 
Economics Research (UNU-WIDER) Working Paper 2017/24. Helsinki: UNU-WIDER. 

Ericsson, M. and Löf, O. (2018). Mining’s Contribution to Low- and Middle-income Economies. In Extractive Industries: 
The Management of Resources as a Driver of Sustainable Development. Addison, T. and Roe, A. (eds.). Oxford: Oxford 
Academic.

European Commission (2020). Study on the EU’s list of critical raw materials (2020): Critical raw materials factsheets. 
Luxembourg: Publications Office of the European Union. https://data.europa.eu/doi/10.2873/92480

Fagiolo, G. (2006). Directed or Undirected? A New Index to Check for Directionality of Relations in Socio-Economic 
Networks. Economics Bulletin 34(3), 1-12.

Garlaschelli, D., and Loffredo, M.I. (2005). Structure and evolution of the world trade network. Physica A: Statistical 
Mechanics and Its Applications 355(1), 138-144. https://doi.org/10.1016/j.physa.2005.02.075.

Gaulier, G. and Zignago, S. (2010). BACI: International Trade Database at the Product-Level (the 1994-2007 Version). 
SSRN Electronic Journal. https://doi.org/10.2139/ssrn.1994500. 

Gehlhar, M.J. (1996). Reconciling Bilateral Trade Data for Use in GTAP (GTAP Technical Paper No. 10). Global Trade 
Analysis Project.

Gopinathan, P., Subramani, T., Barbosa, S. and Yuvaraj, D. (2023). Environmental impact and health risk assessment 
due to coal mining and utilization. Environ Foreign Direct Investment in Latin America and the Caribbean Geochem 
Health (45), 6915-6922. https://doi.org/10.1007/s10653-023-01744-z.

‌Graedel, T.E., Harper, E.M., Nassar, N.T., Nuss, P. and Reck, B.K (2015). Criticality of metals and metalloids. PNAS 
(112), 4257-4262.

Griffin, R and Pickens, N. (2023). The role of African mining in the energy transition, 28 February. Wood Mackenzie. 
https://www.woodmac.com/news/opinion/africa-mining-energy-transition/.

He, G., Lin, J., Zhang, Y., Zhang, W., Larangeira, G., Zhang, C. et al. (2020). Enabling a rapid and just transition away 
from coal in China. One Earth 3(2), 187-194.Hirschman, A.O. (1980). National Power and the Structure of Foreign 
Trade. Oakland, CA: University of California Press. 

International Energy Agency (2021). The Role of Critical Minerals in Clean Energy Transitions. 
Paris. https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/
TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf. 

International Energy Agency (2024). Global Critical Minerals Outlook 2024. Paris.

International Mining Research Center of the China Geological Survey, Ministry of Natural Resources. (2021). Global 
Mining Development Report (2019-2020). Beijing.

International Mining Research Center of the China Geological Survey, Ministry of Natural Resources. (2022). Global 
Mining Development Report (2020-2021). Beijing.

International Monetary Fund (2018). IMF Country Focus – Botswana: Mining A New Growth Model. Washington, DC. 
https://www.imf.org/en/News/Articles/2018/09/05/na090518Botswana. 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

300

https://data.europa.eu/doi/10.2873/92480
https://doi.org/10.1016/j.physa.2005.02.075
https://doi.org/10.2139/ssrn.1994500
https://doi.org/10.1007/s10653-023-01744-z
https://www.woodmac.com/news/opinion/africa-mining-energy-transition/
https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://www.imf.org/en/News/Articles/2018/09/05/na090518Botswana


International Resource Panel (2020). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E.T., Pedro, A.M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, P., 
Ali, S., Kumar, S.V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., Clement, 
J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., Lahiri-Dutt, K., 
Mancini, L., Nuss, P., Petersen, I. and Sanders, A.R.D. A Report by the International Resource Panel. United Nations 
Environment Programme, Nairobi, Kenya. https://www.resourcepanel.org/reports/mineral-resource-governance-
21st-century.

Jaskula, B.W., 2024, Lithium [advance release], in Metals and minerals: U.S. Geological Survey Minerals Yearbook 
2020, Vol. I, pp. 44.1-44.11, https://doi.org/10.3133/mybvI

Ju, J. (2021). Green development leads China’s mining industry into a new development stage. China Mining Industry 
30(1), 1-4.

Li, S., Yu, L., Jiang, W., Yu, H. and Wang, X. (2022). The Recent Progress China Has Made in Green Mine Construction, 
Part I: Mining Groundwater Pollution and Sustainable Mining. International Journal of Environmental Research and 
Public Health 19(9), 5673. https://doi.org/10.3390/ijerph19095673.

Links, S., de Feijter, T. and Lammertink, J. (2021). Chinese Approaches to Overseas Responsible Business – Insights 
from the DRC Cobalt Industry. Leiden: Leiden Asia Centre. https://leidenasiacentre.nl/chinese-approaches-to-
overseas-responsible-business-insights-from-the-drc-cobalt-industry/.

MEM (Ministerio de Energía y Minas) (2023). “Portfolio of Mining Investment Projects 2023, Ministry of Energy 
and Mines” First edition - Lima, Peru - January 2023 [on line] https://www.gob.pe/institucion/minem/informes-
publicaciones/3850207-cartera-de-proyectos-de-inversion-minera-2023

Newman, M.E.J. (2003). The Structure and Function of Complex Networks. SIAM Review 45(2), 167-256. 
https://doi.org/10.1137/S003614450342480.

Otto, J.M. (2018), How Do We Legislate for Improved Community Development? In Extractive Industries: The 
Management of Resources as a Driver of Sustainable Development. Addison, T. and Roe, A. (eds). Oxford: Oxford 
Academic. 673–694 https://doi.org/10.1093/oso/9780198817369.003.0032. 

Peru, Ministry of Energy and Mines (2023). Portfolio of Mining Investment Projects 2023. Lima.

Reichl, C. and Schatz, M. (2022). World Mining Data 2022. Vienna: Federal Ministry for Agriculture, Regions and 
Tourism of Austria. https://www.world-mining-data.info/wmd/downloads/PDF/WMD2022.pdf Reichl, C. and Schatz, 
M. (2023). World Mining Data 2023. Vienna: Federal Ministry for Agriculture, Regions and Tourism of Austria. 
https://www.world-mining-data.info/wmd/downloads/PDF/WMD2023.pdf. Rhoades, S.A. (1993). The Herfindahl-
Hirschman Index. Federal Reserve Bulletin March, 188-189.

Schrijvers, D., Hool, A., Blengini, G.A., Chen, W.Q., Dewulf, J., Eggert, R., et al. (2020). A review of methods and data to 
determine raw material criticality. Resources, Conservation and Recycling (155), 104617. https://doi.org/10.1016/j.
resconrec.2019.104617.

Secretaría de Minería (2022). “Estado de la Minería en Argentina. Anuncios de inversión en el sector minero.” 
Ministerio de Desarrollo Productivo de Argentina, Secretaría de Minería. May 2022 [on line] https://www.argentina.
gob.ar/sites/default/files/estado_del_sector_minero_secmin_mayo_2022_1.pdf

Serrano, M.A. and Boguñá, M. (2003). Topology of the world trade web. Physical Review E 68(1), 015101. https://doi.
org/10.1103/PhysRevE.68.015101.SNL Metals & Mining (2015), World Exploration Trends: A special report from SNL 
Metals & Mining for the PDAC International Convention [on line] http://go.snl.com/rs/snlfinanciallc/images/World-
Exploration-Trends-WET-Report-2015-English-USletter.pdf

301

REFERENCES

https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://doi.org/10.3133/mybvI
https://doi.org/10.3390/ijerph19095673
https://leidenasiacentre.nl/chinese-approaches-to-overseas-responsible-business-insights-from-the-drc-cobalt-industry/
https://leidenasiacentre.nl/chinese-approaches-to-overseas-responsible-business-insights-from-the-drc-cobalt-industry/
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gob.pe%2Finstitucion%2Fminem%2Finformes-publicaciones%2F3850207-cartera-de-proyectos-de-inversion-minera-2023&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7C8be6348eeb374b85d52908dcdbe63767%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638627029573014652%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=8CZ9miB%2BNPRhIZbQStQQQP0avuagMnXCrOq%2F%2BhurKFE%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gob.pe%2Finstitucion%2Fminem%2Finformes-publicaciones%2F3850207-cartera-de-proyectos-de-inversion-minera-2023&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7C8be6348eeb374b85d52908dcdbe63767%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638627029573014652%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=8CZ9miB%2BNPRhIZbQStQQQP0avuagMnXCrOq%2F%2BhurKFE%3D&reserved=0
https://doi.org/10.1137/S003614450342480
https://doi.org/10.1093/oso/9780198817369.003.0032
https://www.world-mining-data.info/wmd/downloads/PDF/WMD2023.pdf
https://doi.org/10.1016/j.resconrec.2019.104617
https://doi.org/10.1016/j.resconrec.2019.104617
https://www.argentina.gob.ar/sites/default/files/estado_del_sector_minero_secmin_mayo_2022_1.pdf
https://www.argentina.gob.ar/sites/default/files/estado_del_sector_minero_secmin_mayo_2022_1.pdf
https://doi.org/10.1103/PhysRevE.68.015101
https://doi.org/10.1103/PhysRevE.68.015101
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fgo.snl.com%2Frs%2Fsnlfinanciallc%2Fimages%2FWorld-Exploration-Trends-WET-Report-2015-English-USletter.pdf&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7C8be6348eeb374b85d52908dcdbe63767%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638627029572994148%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=fl55t%2BCuD%2FaXL%2BEt1BlnofHtQ29IpJc7CMQB0gV6urc%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fgo.snl.com%2Frs%2Fsnlfinanciallc%2Fimages%2FWorld-Exploration-Trends-WET-Report-2015-English-USletter.pdf&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7C8be6348eeb374b85d52908dcdbe63767%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638627029572994148%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=fl55t%2BCuD%2FaXL%2BEt1BlnofHtQ29IpJc7CMQB0gV6urc%3D&reserved=0


Sprecher, B., Daigo, I., Spekkink, W., Vos, M., Kleijn, R., Murakami, S., et al. (2017). Novel Indicators for the 
Quantification of Resilience in Critical Material Supply Chains, with a 2010 Rare Earth Crisis Case Study. 
Environmental Science & Technology 51(7), 3860-3870. https://doi.org/10.1021/acs.est.6b05751.

Squartini, T., Fagiolo, G. and Garlaschelli, D. (2011). Randomizing world trade. I. A binary network analysis. Physical 
Review E 84(4), 046117. https://doi.org/10.1103/PhysRevE.84.046117.

Stone, R.W., Wang, Y. and Yu, S. (2021). Chinese Power and the State-Owned Enterprise. International 
Organization 76(1), 229-250. https://doi.org/10.1017/S0020818321000308.

Tsigas, M.E., Hertel, T.W. and Binkley, J.K. (1992). Estimates of Systematic Reporting Biases in Trade Statistics. 
Economic Systems Research 4(4), 297-310. https://doi.org/10.1080/09535319200000028.

United Nations, Economic Commission for Latin America and the Caribbean (2016). Foreign Direct Investment in Latin 
America and the Caribbean, 2016. Santiago. LC/G.2680-P.

United Nations, Economic Commission for Latin America and the Caribbean (2018). International Trade Outlook 
for Latin America and the Caribbean 2018: Stronger regional integration urgent to counter impact of trade conflicts. 
Santiago. LC/PUB.2018/20-P. https://hdl.handle.net/11362/44197

United Nations Environment Programme (2024). Global Resources Outlook 2024: Bend the Trend – Pathways to a 
liveable planet as resource use spikes. Nairobi, Kenya. https://wedocs.unep.org/20.500.11822/44901

United Nations Statistics Division (2021). UN-Comtrade – International Trade Statistics Database. 
http://comtrade.un.org/.

United States Geological Survey (2021). Mineral Commodity Summaries 2020. 
https://pubs.usgs.gov/periodicals/mcs2021/.

United States Geological Survey (2022). Mineral Commodity Summaries 2021. 
https://pubs.usgs.gov/periodicals/mcs2022/.

United States Geological Survey (2022). Mineral Commodity Summaries 2022. 
https://doi.org/10.3133/mcs2022.

World Bureau of Metal Statistics (2022). World Metal Statistics Yearbook. Ware, United Kingdom.

Yeomans, J. and Harter, F. (2022). Who owns the Earth? The scramble turns critical, 1 May. The Times. 
https://www.thetimes.co.uk/article/who-ownsthe-earth-the-scramble-for-minerals-turnscritical-jbglsgm02.

Yu, H., Li, S., Yu, L. and Wang, X. (2022). The Recent Progress China Has Made in Green Mine Construction, Part II: 
Typical Examples of Green Mines. International Journal of Environmental Research and Public Health 19(13), 8166.

Zhao, Y., Zhao, G., Zhou, J., Pei, D., Liang, W. and Qiu, J. (2020). What hinders the promotion of the green mining mode 
in China? A game-theoretical analysis of local government and metal mining companies. Sustainability 12(7), 2991.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

302

https://doi.org/10.1021/acs.est.6b05751
https://doi.org/10.1103/PhysRevE.84.046117
https://doi.org/10.1017/S0020818321000308
https://doi.org/10.1080/09535319200000028
https://hdl.handle.net/11362/44197
https://wedocs.unep.org/20.500.11822/44901
http://comtrade.un.org/
https://pubs.usgs.gov/periodicals/mcs2021/
https://pubs.usgs.gov/periodicals/mcs2022/
https://doi.org/10.3133/mcs2022
https://www.thetimes.co.uk/article/who-ownsthe-earth-the-scramble-for-minerals-turnscritical-jbglsgm02


CHAPTER 2

African Development Bank (2018). African Economic Outlook, Financing infrastructure: Strategies and Options. Part II. Abidjan.

African Union (2009) Africa Mining Vision. Addis Ababa. https://au.int/sites/default/files/documents/30995-doc-africa_mining_
vision_english_1.pdf.

African Union and United Nations, Economic Commission for Africa (2021). Illicit Financial Flows: Report of the High 
Level Panel on Illicit Financial Flows from Africa. https://au.int/en/documents/20210708/report-high-level-panel-
illicit-financial-flows-africa.

Akram, Q.F. (2009). Commodity prices, interest rates and the dollar. Energy Economics 31, 838-851.

Albertin, G., Yontcheva, B., Devlin, D., Devine, H., Gerard, M., Beer, S., et al. (2021). Tax Avoidance in Sub-Saharan 
Africa’s Mining Sector. International Monetary Fund Departmental Paper No. 2021/022. https://www.imf.org/en/
Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-
Mining-Sector-464850

Aluminium Insider (2020). IMF Says Collateral at Risk in Bauxite-Backed Loan from Sinohydro to Ghana. Aluminium 
Insider. 3 March.

Arezki, R., Loungani, P., van der Ploeg, R. and Venables, A.J. (2014). Understanding international commodity price 
fluctuations. Journal of International Money and Finance 42, 1-8.

Ausenco Engineering Canada Inc., BD Resource Consulting, Inc., Integrated Sustainability Consultants, International 
Metallurgical & Environmental Inc., SIM Geological Inc., SRK Consulting (Canada) Inc., et al. (2020). NI 43-101 
Technical report – Arctic Feasibility study, Alaska, USA. Vancouver, Canada: Trilogy Metals Inc.

Baumeister, C. and Hamilton, J.D. (2019). Structural interpretation of vector autoregressions with incomplete 
identification: Revising the role of oil supply and demand shocks. American Economic Review 109, 1873-1910.

Baxter, M., King, R.G., 1999. Measuring Business Cycles: Approximate Band-Pass Filters for Economic Time Series. 
Review of Economics and Statistics 81, 575–593. https://doi.org/10.1162/003465399558454

Benefo, A. and Addaney, M (2021). Promises and Pitfalls: China’s Financing of the Atewa Bauxite Mining Project in 
Ghana, 11 July. Georgetown Journal of International Affairs. https://gjia.georgetown.edu/2021/07/11/promises-
and-pitfalls-chinas-financing-of-the-atewa-bauxite-mining-project-in-ghana/ 

Byrne, P., Fazio, G. and Fiess, N. (2013). Primary commodity prices: Co-movements, common factors and 
fundamentals. Journal of Development Economics 101, 16-26.

Canada, Government of the Northwestern Territories, Indian and Northern Affairs Canada (2010). Giant Mine 
Remediation Project Developer’s Assessment Report. www.reviewboard.ca/upload/project_document/EA0809-001_
Giant_DAR_1288220431.PDF.

Ceccheti, G. and Moessner, R. (2008). Commodity prices and inflation dynamics. BIS Quarterly Review December, 55-66.

Chen, J., Zhu, X. and Zhong, M. (2019). Nonlinear effects of financial factors on fluctuations in nonferrous metals 
prices: A Markov-switching VAR analysis. Resources Policy 61, 489-500.

Chevallier, J. and Ielpo, F. (2013). The Economics of Commodity Markets. Hoboken, NJ: John Wiley & Sons, Inc.

Chiaie, S.D., Ferrara, L. and Giannone, D. (2022). Common factors of commodity prices. Applied Econometrics 37, 
461-476.

China, Ministry of Natural Resources (2021). Global Mining Development Report (2020-2021). Beijing.

303

REFERENCES

https://au.int/sites/default/files/documents/30995-doc-africa_mining_vision_english_1.pdf
https://au.int/sites/default/files/documents/30995-doc-africa_mining_vision_english_1.pdf
https://au.int/en/documents/20210708/report-high-level-panel-illicit-financial-flows-africa
https://au.int/en/documents/20210708/report-high-level-panel-illicit-financial-flows-africa
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-Mining-Sector-464850
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-Mining-Sector-464850
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-Mining-Sector-464850
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1162%2F003465399558454&data=05%7C02%7Cainhoa.carpintero%40un.org%7C63b2d700290842c565a508dcfa2d0317%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638660318451444828%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=%2BrtQEbCInjhuzN8n1U%2FNdCywszpwrSu1HE8OncuiKvs%3D&reserved=0
https://gjia.georgetown.edu/2021/07/11/promises-and-pitfalls-chinas-financing-of-the-atewa-bauxite-mining-project-in-ghana/
https://gjia.georgetown.edu/2021/07/11/promises-and-pitfalls-chinas-financing-of-the-atewa-bauxite-mining-project-in-ghana/
http://www.reviewboard.ca/upload/project_document/EA0809-001_Giant_DAR_1288220431.PDF
http://www.reviewboard.ca/upload/project_document/EA0809-001_Giant_DAR_1288220431.PDF


China, Ministry of Natural Resources (2022). China Mineral Resources. Beijing.

Christmann, P. and Lefebvre, G. (2022). Trends in global mineral and metal criticality: the need for technological 
foresight. Mineral Economics 35, 641-652.

Clifford M.J., Ali S.H. and Matsubae, K. (2019). Mining, land restoration and sustainable development in isolated 
islands: An industrial ecology perspective on extractive transitions on Nauru. Ambio 48(4): 397–408.

Copper Mountain Mining Corporation (2020). NI 43-101 Technical report for the Eva copper project – Feasibility study 
update, North West Queensland, Australia. https://minedocs.com/20/Eva_Feasibility_Study_1312020.pdf.

Crespo Cuaresma, J., Fortin, I., Hlouskova, J. and Obersteiner, M. (2021). Regime-dependent commodity price 
dynamics: A predictive analysis. IHS Working Paper 28. Institute for Advanced Studies.

Crespo Cuaresma, J., Hlouskova, J., Kossmeier, S. and Obersteiner, M. (2004). Forecasting electricity spot prices 
using linear univariate time series models. Applied Energy 77, 87-106.

Cuddington, J.T. and Jerrett, D. (2008). Super Cycles in Real Metals Prices? IMF Staff Papers 55(4), 541-565.

De Gregorio, J. (2012). Commodity prices, monetary policy, and inflation. IMF Economic Review 60, 600-633.

Dietsche, E. and Esteves, A.M. (2020). Local Content and the Prospects for Economic Diversification in 
Mozambique. In Mining for Change: Natural Resources and Industry in Africa. Page, J. and Tarp, F. (eds). 
Oxford: Oxford Academic.

Fleming, D.A. and Measham, T.G. (2014). Local job multipliers of mining. Resources Policy 41(2014), 9-15.

Gargano, A. and Timmermann, A. (2014). Forecasting commodity price indexes using macroeconomic and financial 
predictors. International Journal of Forecasting 30, 825-843.

Ge, J. and Lei, Y. (2013). Mining development, income growth and poverty alleviation: A multiplier decomposition 
technique applied to China. Resources Policy 38(3), 278-287. https://doi.org/10.1016/j.resourpol.2013.05.004.

Ge, W. and Kinnucan, H.W. (2017). The effects of Mongolia’s booming mining industry on its agricultural sector: A test 
for Dutch disease. Agricultural Economics 48(6), 781-791. https://doi.org/10.1111/agec.12374.

Gelos, G. and Ustyugova, Y. (2017). Inflation responses to commodity price shocks - How and why do countries 
differ? Journal of International Money and Finance 72, 28-47.

Gilbert, C.L. (2022). Is there a copper super-cycle? Mineral Economics 37, 359-380. https://doi.org/10.1007/s13563-
022-00355-x.

Gildemeister, M., Jara, J.J., Lagos, G., Marquardt, C. and Espinoza, F. (2018). Direct economic return to government 
of public geoscience information investments in Chile. Resources Policy 55, 152-162. https://doi.org/10.1016/j.
resourpol.2017.11.013‌.

Gómez Sabaíni, J.C., Jiménez, J.P. and Morán, D. (2015). El impacto fiscal de la explotación de los recursos naturales 
no renovables en los países de América Latina y El Caribe. Santiago: United Nations, Economic Commision for Latin 
America and the Caribbean. LC/W.658.

Gorton, G., Rouwenhorst, K.G., 2004. Facts and Fantasies about Commodity Futures (No. w10595). National Bureau 
of Economic Research, Cambridge, MA. https://doi.org/10.3386/w10595

Guidolin, M. and Pedio, M. (2021). Forecasting commodity futures returns with stepwise regressions: Do commodity-
specific factors help? Annals of Operations Research 299, 1317-1356.

Hammoudeh, S. and Yuan, Y. (2008). Metal volatility in presence of oil and interest rate shocks. Energy Economics 30, 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

304

https://minedocs.com/20/Eva_Feasibility_Study_1312020.pdf
https://doi.org/10.1016/j.resourpol.2013.05.004
https://doi.org/10.1111/agec.12374
https://doi.org/10.1007/s13563-022-00355-x
https://doi.org/10.1007/s13563-022-00355-x
https://doi.org/10.1016/j.resourpol.2017.11.013
https://doi.org/10.1016/j.resourpol.2017.11.013
https://doi.org/10.3386/w10595


606-620.

Heap, A. (2005). China – The Engine of a Commodities Super Cycle. New York: Citigroup Smith Barney.

Hong, S., Luo, Y., Li, M. and Qin, D. (2022). Volatility research of nickel futures and spot prices based on copula-
GARCH model. Frontiers in Energy Research 10.

International Council on Mining and Metals (2020). Role of Mining in National Economies: Mining Contribution Index (5th 
edition). London. https://www.icmm.com/website/publications/pdfs/social-performance/2020/research_mci-5.pdf.

International Energy Agency (2021). The Role of Critical Minerals in Clean Energy Transitions. 
Paris. https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/
TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf.

International Resource Panel (2020). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E. T., Pedro, A. M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, 
P., Ali, S., Kumar, S. V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., 
Clement, J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., 
Lahiri-Dutt, K., Mancini, L., Nuss, P., Petersen, I. and Sanders, A. R. D. A Report by the International Resource Panel. 
United Nations Environment Programme, Nairobi, Kenya. https://www.resourcepanel.org/reports/mineral-resource-
governance-21st-century.

Investing News Network (2013). Is Zambia the Next Cobalt Hotspot? 20 March. https://investingnews.com/daily/
resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/.

Jacks, D.S. and Steurmer, M. (2020). What drives commodity price booms and busts? Energy Economics 85, 1040035.

Jerrett, D. (2021). How super is the commodity cycle. Boulder, CO: J.P. Morgan Center for Commodities at the 
University of Colorado Denver Business School.

Jerrett, D. and Cuddington, J.T. (2008). Broadening the statistical search for metal price super cycles to steel and 
related metals. Resources Policy 33, 188-195.

Jerrold, M.M. (2000). Butte: the richest hill on earth ... and the costliest mine superfund site. Engineering and Mining 
Journal 201(2), 31-44.

Jorratt, M. (2022). Renta económica, régimen tributario y transparencia fiscal de la minería del litio en la Argentina, 
Bolivia (Estado Plurinacional de) y Chile. Santiago: United Nations, Economic Commission for Latin America and the 
Caribbean. LC/TS.2022/14.

Kagraoka, Y. (2016). Common dynamic factors in driving commodity prices: Implications of a generalized factor 
model. Economic Modelling 52, 609-617.

Kalantzakos, S., 2017. China and the Geopolitics of Rare Earths. Oxford University Press. https://doi.org/10.1093/
oso/9780190670931.001.0001

Kimani, M. (2009). Mining to profit Africa’s people: Governments bargain for “fair deals” that enhance development, April. 
Africa Renewal. https://www.un.org/africarenewal/magazine/april-2009/mining-profit-africa%E2%80%99s-people.

Klimek, P., Obersteiner, M. and Thurner, S. (2015). Systemic trade risk of critical resources. Science Advances 1(10).

Korniotis, G.M. (2009). Does speculation affect spot price levels? The case of metals with and without futures 
markets. Finance and Economics Discussion Series. Washington, DC: Board of Governors of the Federal Reserve 
System, United States of America.

Kwas, M., Paccagnini, A. and Rubaszek, M. (2021). Common factors and the dynamics of industrial metal prices. 
A forecasting perspective. Resources Policy 74, 102319.

305

REFERENCES

https://www.icmm.com/website/publications/pdfs/social-performance/2020/research_mci-5.pdf
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://investingnews.com/daily/resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/
https://investingnews.com/daily/resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/
https://doi.org/10.1093/oso/9780190670931.001.0001
https://doi.org/10.1093/oso/9780190670931.001.0001
https://www.un.org/africarenewal/magazine/april-2009/mining-profit-africa%E2%80%99s-people


Leeuw, P. and Mtegha, H. (2016). The nature of mining input technology in South Africa. Journal of the Southern 
African Institute of Mining and Metallurgy 116(11).

Liu, Y. (2012). Treasure hunting secrets: Offshore mineral exploration. Geological Press.

Lombardi, M.J., Osbat, C. and Schnatz, B. (2012). Global commodity cycles and linkages: a FAVAR approach. 
Empirical Economics 43, 651-670.

Lundstøl, O and Isaksen, J. (2018). Zambia’s mining windfall tax. United Nations University World Institute for 
Development Economics Research (UNU-WIDER) Working Paper 2018/51. Helsinki: UNU-WIDER.

Macdonald, C. (2018). The role of participation in sustainable community development programmes in the extractive 
industries. United Nations University World Institute for Development Economics Research (UNU-WIDER) Working 
Paper 2017/28. Helsinki: UNU-WIDER.

Mining, Minerals, and Sustainable Development Project (2002). Breaking New Ground: Mining, Minerals and 
Sustainable Development (MMSD) Final Report. London: Earthscan. http://pubs.iied.org/9084IIED

Moritz, T., Ejdemo, T., Söderholm, P. and Wårell, L. (2017). The local employment impacts of mining: an econometric 
analysis of job multipliers in northern Sweden. Mineral Economics 30(1), 53-65. https://doi.org/10.1007/s13563-017-
0103-1.

Nakhle, C. (2010). Petroleum fiscal regimes: evolution and challenges. In The Taxation of Petroleum and Minerals: 
Principles, Problems and Practice, Daniel, P. Keen, M. and McPherson, C. (eds.). Abingdon-on-Thames, United 
Kingdom: Routledge.

Natural Resource Governance Institute (2015). The Resource Curse: The Political and Economic Challenges of 
Natural Resource Wealth. NRGI Reader.

Neal, T., and Losos, E. (ed.) (2021). The Environmental Implications of China-Africa Resource-Financed Infrastructure 
Agreements: Lessons Learned from Ghana’s Sinohydro Agreement. Durham, NC: Nicholas Institute for Environmental 
Policy Solutions, Duke University.

Ng, V.K. and Pirrong, S.C. (1994). Fundamentals and volatility storage, spreads, and dynamics of metals prices. The 
Journal of Business 67, 203-230.

Ngeno, R. (2022). Opportunities for Counties to Benefit from Natural Resource Revenue, 4 January. Revenue 
Enhancement. https://cra.go.ke/2022/01/04/opportunities-for-counties-to-benefit-from-natural-resource-revenue/.

Otto, J., Andrews, C., Cawood, F., Doggett, M., Guj, P., Stermole, F., et al. (2006). Mining Royalties: A Global Study of 
Their Impact on Investors, Government, and Civil Society. Washington, DC: World Bank.

Pichler, E., Boeheim, M. and Firgo, M. (2012). The role of financial speculation on markets of industrial metals. Working 
Paper. Vienna: Vienna University of Economics and Business. https://research.wu.ac.at/de/publications/the-role-of-
financial-speculation-on-markets-for-industrial-metal-3.

Pitron, G. (2021). The rare metals war: the dark side of clean energy and digital technologies. Scribe, Melbourne ; 
London.

Roberts, M.C. (2009). Duration and characteristics of metal price cycles. Resources Policy 34, 87-102.

Rossen, A. (2015). What are metal prices like? Co-movement, price cycles and long-run trends. Resources Policy 45, 
255-276.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

306

http://pubs.iied.org/9084IIED
https://doi.org/10.1007/s13563-017-0103-1
https://doi.org/10.1007/s13563-017-0103-1
https://cra.go.ke/2022/01/04/opportunities-for-counties-to-benefit-from-natural-resource-revenue/
https://research.wu.ac.at/de/publications/the-role-of-financial-speculation-on-markets-for-industrial-metal-3
https://research.wu.ac.at/de/publications/the-role-of-financial-speculation-on-markets-for-industrial-metal-3


S&P Global Market Intelligence (2022). SNL metals and mining database. 

Sebudubudu, D. and Mooketsane, K. (2016). Why Botswana is a Deviant Case to the Natural Resource Curse. The 
African Review: A Journal of African Politics, Development and International Affairs 43(2).

Shahbaz, M., Khan, A.I. and Mubarak, M.S. (2023). Rolling-window bounds testing approach to analyze the 
relationship between oil prices and metal prices. The Quarterly Review of Economics and Finance 87, 388-395.

Slack, K. (2017) Capturing economic and social benefits at the community level: Opportunities and obstacles for civil 
society. United Nations University World Institute for Development Economics Research (UNU-WIDER) Working Paper 
2017/51. Helsinki: UNU-WIDER.

Stilwell, L.C., Minnitt, R.C.A., Monson, T.D. and Kuhn, G. (2000). An input–output analysis of the impact of mining on 
the South African economy. Resources Policy 26(1), 17-30. https://doi.org/10.1016/s0301-4207(00)00013-1.

Stuermer, M. (2022). Non-renewable resource extraction over the long term: Empirical evidence from global copper 
production. Mineral Economics 35, 617-625.

Sulista, S. and Rosyid, F.A. (2022). The economic impact of tin mining in Indonesia during an era of decentralisation, 
2001–2015: A case study of Kepulauan Bangka Belitung Province. The Extractive Industries and Society 10, 101069. 
https://doi.org/10.1016/j.exis.2022.101069.

Tserkezis, E. and Tsakanikas, A. (2016). The economic impact of mining activity on the Greek island of Milos: An 
unusual neighbor. The Extractive Industries and Society 3(1), 129-140. https://doi.org/10.1016/j.exis.2015.10.007.‌

United Nations, Economic Commission for Latin America and the Caribbean (2022). Panorama Fiscal de América 
Latina y el Caribe, 2022. Santiago. LC/PUB.2022/7-P. https://www.cepal.org/en/publications/48015-fiscal-
panorama-latin-america-and-caribbean-2022-fiscal-policy-challenges

University of Houston Energy Fellows (2022). Russia-Ukraine war helps drive nickel prices, EV Headaches, 31 March. 
Forbes. https://www.forbes.com/sites/uhenergy/2022/03/31/russia-ukraine-war-helps-drive-nickel-prices-ev-
headaches/.

Wang, Q., Song, C., Li, W. and Han, J. (2022). Analysis of the development history and status of international 
cooperation in mining industry in China. Geology and Exploration 58(1), 229-238. 

Wankhede, V (2020). Benefit sharing in the Mining Sector in Africa. New Delhi: Centre for Science and Development. 
https://www.cseindia.org/benefit-sharing-in-the-mining-sector-in-africa-9866.

Wellmer, F.W. and Becker-Platen, J.D. (2002). Sustainable development and the exploitation of mineral and energy 
resources: a review. International Journal of Earth Sciences (GR Geologische Rundschau) 91, 723-745.

World Bank Group (2022). Commodity Markets Outlook – Pandemic, war, recession: Drivers of aluminum and copper 
prices. Washington, DC: International Bank for Reconstruction and Development and World Bank.

307

REFERENCES

https://doi.org/10.1016/s0301-4207(00)00013-1
https://doi.org/10.1016/j.exis.2022.101069
https://doi.org/10.1016/j.exis.2015.10.007
https://www.cepal.org/en/publications/48015-fiscal-panorama-latin-america-and-caribbean-2022-fiscal-policy-challenges
https://www.cepal.org/en/publications/48015-fiscal-panorama-latin-america-and-caribbean-2022-fiscal-policy-challenges
https://www.forbes.com/sites/uhenergy/2022/03/31/russia-ukraine-war-helps-drive-nickel-prices-ev-headaches/
https://www.forbes.com/sites/uhenergy/2022/03/31/russia-ukraine-war-helps-drive-nickel-prices-ev-headaches/
https://www.cseindia.org/benefit-sharing-in-the-mining-sector-in-africa-9866


CHAPTER 3

Achina-Obeng, R. and Aram, S.A. (2022). Informal artisanal and small-scale gold mining (ASGM) in Ghana: Assessing 
environmental impacts, reasons for engagement, and mitigation strategies. Resources Policy 78, 102907.

ActionAid (2018). Mining in South Africa 2018: Whose Benefit and Whose Burden? https://www.wits.ac.za/media/
wits-university/faculties-and-schools/commerce-law-and-management/research-entities/cals/documents/
programmes/environment/resources/Social%20audit%20report.pdf

Affandi, F.A. and Ishak, M.Y. (2019). Impacts of suspended sediment and metal pollution from mining activities on 
riverine fish population—a review. Environmental Science and Pollution Research 26, 16939-16951.

African Center for Economic Transformation (2017). Comparative Study on Local Content and Value Addition 
in Mineral, Oil and Gas Sectors: Policies, Legal and Institutional Frameworks-Trends and Responses in Selected 
African Countries. Accra. https://acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/
comparative-study-on-local-content-and-value-addition-in-mineral-oil-and-gas-sectors-policies-legal-and-
institutional-frameworks-trends-and-responses-in-selected-african-countries/.

African Development Bank, Organization for Economic Cooperation and Development and United Nations 
Development Programme (2016). ‘Mozambique 2016’. In: African Economic Outlook. Paris.

African Union Commission, United Nations, Economic Commission for Africa and African Development Bank (2012). 
The African Minerals Development Centre Business Plan. Addis Ababa. https://au.int/sites/default/files/newsevents/
workingdocuments/14528-wd-amdc_business_plan_edited_final_19_nov.pdf.

Agbo, V. (2019). From conflict to collaboration: Atewa Forest governance. MSc thesis, University of Waterloo. Agbo_
Victor.pdf (uwaterloo.ca).

Agboola, O., Babatunde, D.E., Fayomi, O.S.I., Sadiku, E.R., Popoola, P., Moropeng, L., et al. (2020). A review on the 
impact of mining operation: monitoring, assessment and management. Results in Engineering 8, 100181.

Aidoo, R. (2016). The Political Economy of Galamsey and Anti-Chinese Sentiment in Ghana. African Studies Quarterly 
16(3-4). 

Akcil. A. and Koldas, S. (2006). Acid Mine Drainage (AMD): causes, treatment and case studies. Journal of Cleaner 
Production 14, 1139-1145. https://doi.org/10.1016/j.jclepro.2004.09.006.

Ali, H., Khan, E. and Ilahi, I. (2019). Environmental chemistry and ecotoxicology of hazardous heavy metals: 
environmental persistence, toxicity, and bioaccumulation. Journal of Chemistry 2019(4). https://doi.
org/10.1155/2019/6730305.

Ali S.H., Clifford, M.J., Grice, T.A. and Perrons, R.K. (eds.) (2018). Extracting Innovations: Mining, Energy, and 
Technological Change in the Digital Age. Boca Raton, FL: CRC Press.

Allert, A.L., DiStefano, R.J., Fairchild, J.F., Schmitt, C.J., McKee, M.J., Girondo, J.A., et al. (2013). Effects of historical 
lead-zinc mining on riffle-dwelling benthic fish and crayfish in the Big River of southeastern Missouri, USA. 
Ecotoxicology 22, 506-521.

Allert, A.L., DiStefano, R.J., Schmitt, C.J., Fairchild, J.F. and Brumbaugh, W.G. (2012). Effects of mining-derived metals 
on riffle-dwelling crayfish in southwestern Missouri and southeastern Kansas, USA. Archives of Environmental 
Contamination and Toxicology 63, 563-573.

Amnesty International (2016). Democratic Republic of Congo: “This is what we die for”: Human rights abuses in the 
Democratic Republic of the Congo power the global trade in cobalt. Amnetsy International January 19, 2016. Index 
Number: AFR 62/3183/2016 https://www.amnesty.org/en/documents/afr62/3183/2016/en/

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

308

https://www.wits.ac.za/media/wits-university/faculties-and-schools/commerce-law-and-management/research-entities/cals/documents/programmes/environment/resources/Social%20audit%20report.pdf
https://www.wits.ac.za/media/wits-university/faculties-and-schools/commerce-law-and-management/research-entities/cals/documents/programmes/environment/resources/Social%20audit%20report.pdf
https://www.wits.ac.za/media/wits-university/faculties-and-schools/commerce-law-and-management/research-entities/cals/documents/programmes/environment/resources/Social%20audit%20report.pdf
https://acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/comparative-study-on-local-content-and-value-addition-in-mineral-oil-and-gas-sectors-policies-legal-and-institutional-frameworks-trends-and-responses-in-selected-african-countries/
https://acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/comparative-study-on-local-content-and-value-addition-in-mineral-oil-and-gas-sectors-policies-legal-and-institutional-frameworks-trends-and-responses-in-selected-african-countries/
https://acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/comparative-study-on-local-content-and-value-addition-in-mineral-oil-and-gas-sectors-policies-legal-and-institutional-frameworks-trends-and-responses-in-selected-african-countries/
https://au.int/sites/default/files/newsevents/workingdocuments/14528-wd-amdc_business_plan_edited_final_19_nov.pdf
https://au.int/sites/default/files/newsevents/workingdocuments/14528-wd-amdc_business_plan_edited_final_19_nov.pdf
https://uwspace.uwaterloo.ca/bitstream/handle/10012/15028/Agbo_Victor.pdf?isAllowed=y&sequence=3
https://uwspace.uwaterloo.ca/bitstream/handle/10012/15028/Agbo_Victor.pdf?isAllowed=y&sequence=3
https://doi.org/10.1016/j.jclepro.2004.09.006
https://doi.org/10.1155/2019/6730305
https://doi.org/10.1155/2019/6730305
https://www.amnesty.org/en/documents/afr62/3183/2016/en/


Andrews, T., Elizante, B., Le Billon, P., Oh, C.H., Reyes, D. and Thompson, I. (2017). The rise in conflict associated with 
mining operations: what lies beneath? Canadian International Resources and Development Institute.

Araújo, W.S., Espírito-Santo Filho, K., Bergamini, L.L., Gomes, R. and Morato, S.A.A. (2014). Habitat conversion and 
galling insect richness in tropical rainforests under mining effect. Journal of Insect Conservation 18, 1147-1152.

Armah, F.A., Obiri, S., Yawson, D.O., Pappoe, A.N.M. and Bismark, A. (2010). Mining and Heavy Metal Pollution: 
Assessment of Aquatic Environments in Tarkwa (Ghana) using Multivariate Statistical Analysis. Journal of 
Environmental Statistics 1, 1-13.

Australian Bureau of Statistics (2022). Water Account, Australia. https://www.abs.gov.au/statistics/environment/
environmental-management/water-account-australia/latest-release#data-download.

Azevedo-Santos, V.M., Arcifa, M.S., Brito, M.F.G., Agostinho, A.A., Hughes, R.M., Vitule, J.R.S., et al. (2021). Negative 
impacts of mining on Neotropical freshwater fishes. Neotropical Ichthyology 19.

Babidge, S. (2016). Contested value and an ethics of resources: Water, mining and indigenous people in the Atacama 
Desert, Chile. The Australian Journal of Anthropology 27(1), 84-103. https://doi.org/10.1111/taja.12139. 

Ban, S.S., Graham, N.A.J. and Connolly, S.R. (2014). Evidence for multiple stressor interactions and effects on coral 
reefs. Global Change Biology 20, 681-697.

Bansah, K.J., Dumakor-Dupey, N.K., Kansake, B.A., Assan, E. and Bekui, P. (2018). Socioeconomic and environmental 
assessment of informal artisanal and small-scale mining in Ghana. Journal of Cleaner Production 202, 465-475.

Barnard. R., de Bruyn M., Dolo, S. and Okenda, J. P. (2021). Improving Mining Local Procurement: The case of the 
Democratic Republic of Congo. Hannover: Federal Institute for Geosciences and Natural Resources (BGR), Germany. 
https://minedocs.com/22/Kaiser-Mining-Local-Procurement-DRC-June-2021.pdf.

Baumann-Pauly, D. (2023). Cobalt Mining In The Democratic Republic Of The Congo: Addressing Root Causes Of 
Human Rights Abuses. Gcbhr & NYU Stern Center For Business And Human Rights. February 2023. https://gcbhr.
org/insights/2023/02/cobalt-mining-in-the-democratic-republic-of-the-congo-addressing-root-causes-of-human-
rights-abuses

Bebbington, A.J. and Bury, J.T. (2009). Institutional challenges for mining and sustainability in Peru. PNAS 106(41), 
17296-17301. https://doi.org/10.1073/pnas.0906057106.

Beane, S.J., Comber, S.D.W., Rieuwerts, J. and Long, P. (2016). Abandoned metal mines and their impact on receiving 
waters: A case study from Southwest England. Chemosphere 153, 294-306.

Benya, A. (2017). Going Underground in South African Platinum Mines to Explore Women Miners’ Experiences. 
Gender & Development 25(3), 509-22. 

Botha, D. (2016). Women in mining still exploited and sexually harassed. SA Journal of Human Resource Management 
14(1). https://sajhrm.co.za/index.php/sajhrm/article/view/753.

Boyd, R.S. (2010). Heavy metal pollutants and chemical ecology: exploring new frontiers. Journal of Chemical Ecology 
36, 46-58.

BP (2021). BP Statistical Review of World Energy. London. https://www.bp.com/content/dam/bp/business-sites/en/
global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2021-full-report.pdf

Bravo-Ortega, C. and Muñoz, L. (2015). Knowledge Intensive Mining Services in Chile Challenges and Opportunities for 
Future Development. Inter-American Development Bank. https://publications.iadb.org/en/knowledge-intensive-mining-
services-chile-challenges-and-opportunities-future-development.

Brienen, R.J.W., Phillips, O.L., Feldpausch, T.R., Gloor, E., Baker, T.R., Lloyd, J., et al. (2015). Long-term decline of the 
Amazon carbon sink. Nature 519, 344-348.

309

REFERENCES

https://doi.org/10.1111/taja.12139
https://minedocs.com/22/Kaiser-Mining-Local-Procurement-DRC-June-2021.pdf
https://gcbhr.org/insights/2023/02/cobalt-mining-in-the-democratic-republic-of-the-congo-addressing-root-causes-of-human-rights-abuses
https://gcbhr.org/insights/2023/02/cobalt-mining-in-the-democratic-republic-of-the-congo-addressing-root-causes-of-human-rights-abuses
https://gcbhr.org/insights/2023/02/cobalt-mining-in-the-democratic-republic-of-the-congo-addressing-root-causes-of-human-rights-abuses
https://doi.org/10.1073/pnas.0906057106
https://sajhrm.co.za/index.php/sajhrm/article/view/753
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2021-full-report.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2021-full-report.pdf
https://publications.iadb.org/en/knowledge-intensive-mining-services-chile-challenges-and-opportunities-future-development
https://publications.iadb.org/en/knowledge-intensive-mining-services-chile-challenges-and-opportunities-future-development


British Broadcasting Corporation (2010). Burundi: Six illegal tin miners die in collapse, 23 September. https://www.
bbc.com/news/world-africa-11399816.

Brookes, P.C. (1995). The use of microbial parameters in monitoring soil pollution by heavy metals. Biology and 
Fertility of Soils 19, 269-279.

Bryceson, D. and MacKinnon, D. (2012). Eureka and beyond: mining’s impact on African urbanisation. Journal of 
Contemporary African Studies 30(4). 513-537. 

Budds, J. and Hinojosa, L. (2012). Restructuring and rescaling water governance in mining contexts: The co-
production of waterscapes in Peru. Water Alternatives 5(1), 119.

Bussinow, M., Sarapatka, B. and Dlapa, P. (2012). Chemical degradation of forest soil as a result of polymetallic ore 
mining activities. Polish Journal of Environmental Studies 21, 1551-1561.

Butler, J.R.A., Radford, A., Riddington, G. and Laughton, R. (2009) Evaluating an ecosystem service provided by 
Atlantic salmon, sea trout and other fish species in the River Spey, Scotland: The economic impact of recreational rod 
fisheries. Fisheries Research 96, 259-266.

Cabernard, L. and Pfister, S. (2022). Hotspots of mining-related biodiversity loss in global supply chains and the 
potential for reduction through renewable electricity. Environmental Science & Technology 56, 16357-16368.

Cacciuttolo, C. and Cano, D. (2022). Environmental Impact Assessment of Mine Tailings Spill Considering 
Metallurgical Processes of Gold and Copper Mining: Case Studies in the Andean Countries of Chile and Peru. Water 
14, 3057.

Cardinale, B.J., Duffy, E., Gonzalez, A., Hooper, D.U., Perrings, C., Venail, P., et al. (2012). Biodiversity loss and its 
impacts on humanity. Nature 486, 59-67.

Chen, G., Ye, Y., Yao, N., Zhang, J. and Huang, Y. (2021). A critical review of prevention, treatment, reuse, and resource 
recovery from acid mine drainage. Journal of Cleaner Production 329, 129666.

Chile, Chilean Copper Commission (2021). Bases de datos. https://www.cochilco.cl:4040/boletin-web/pages/index/
index.jsf.

Cho, C. and Kao, R.-H. (2022). A study on developing marine space planning as a transboundary marine governance 
mechanism—the case of illegal sand mining. Sustainability 14, 5006.

Christiansen, B., Denda, A. and Christiansen, S. (2020) Potential effects of deep seabed mining on pelagic and 
benthopelagic biota. Marine Policy 114, 103442.

Columbia Center on Sustainable Investment, United Nations Development Programme and World Economic 
Forum (2016). Mapping Mining to the Sustainable Empowered lives. Resilient nations. Development Goals: 
An Atlas. New York, NY: Columbia University. https://scholarship.law.columbia.edu/cgi/viewcontent.
cgi?article=1086&context=sustainable_investment_staffpubs.

Conde, M. (2017). Resistance to mining. A review. Ecological Economics 132, 80-90.

Cornelis, R. and Nordberg, M. (2007). General chemistry, sampling analytical methods, and speciation. In Handbook 
on the toxicology of metals. Gunnar, F.N., Bruce, A.F., Monica, N. and Lars, T.F. (eds.). Burlington, VA: Academic Press. 
197–208.

Cosbey, A., Mann, H., Maennling, N., Toledano, P., Geipel, J. and Dietrich Brauch, M.D. (2016). Mining a Mirage? 
Reassessing the Shared-Value Paradigm in Light of the Technological Advances in the Mining Sector. Winnipeg: 
International Institute for Sustainable Development. 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

310

https://www.bbc.com/news/world-africa-11399816
https://www.bbc.com/news/world-africa-11399816
https://www.cochilco.cl:4040/boletin-web/pages/index/index.jsf
https://www.cochilco.cl:4040/boletin-web/pages/index/index.jsf
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs


Craig, L.S., Olden J.D., Arthington, A.H., Entrekin, S., Hawkins, C.P., Kelly, J.J., et al. (2017). Meeting the challenge 
of interacting threats in freshwater ecosystems: a call to scientists and managers. Elementa: Science of the 
Anthropocene 5, 72.

Cunningham, S.A. (2005). Incident, accident, catastrophe: cyanide on the Danube. Disasters 29, 99-128.

Cuthrell, S. (2022). Mine Truck Powered by Massive Battery Hydrogen Fuel Cell Launches in South Africa, 17 May. 
EE Power. https://eepower.com/news/mine-truck-powered-by-massive-battery-hydrogen-fuel-cell-launches-in-
south-africa/#.

Dambe, T. (2020). Africa Connected: ESG implications of mine rehabilitation in Africa, 10 August. https://www.
dlapiper.com/en/us/insights/publications/2020/08/africa-connected-issue-4/5mine-rehabilitation-in-africa/.

Dasgupta, P. (2021). Final Report - The Economics of Biodiversity: The Dasgupta Review. London: HM Treasury. 
https://www.gov.uk/government/publications/final-report-the-economics-of-biodiversity-the-dasgupta-review.

De Groot, R.S., Alkemade, R., Braat, L., Hein, L. and Willemen, L. (2010). Challenges in integrating the concept of 
ecosystem services and values in landscape planning, management and decision making. Ecological complexity 7(3), 
260-272.

Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH (2020). Sexual and Gender-Based Violence in 
the Mining Sector in Africa: Evidence and Reflections from the DRC, South Africa, Tanzania & Uganda. Bonn.

Devenish, K., Desbureaux, S., Willcock, S. and Jones, J.P.G. (2022). On track to achieve no net loss of forest at 
Madagascar’s biggest mine. Nature Sustainability 5, 498–508. https://doi.org/10.1038/s41893-022-00850-7.

Di Toro, D.M., Allen, H.E., Bergman, H.L., Meyer, J.S., Paquin, P.R. and Santore, R.C. (2001) Biotic ligand model of the 
acute toxicity of the metals. 1. Technical basis. Environmental Toxicology and Chemistry 20, 2383-2396.

Dietsche, E. (2017). Political Economy and Governance. United Nations University World Institute for Development 
Economics Research (UNU-WIDER) Working Paper 2017/24. Helsinki: UNU-WIDER. 

Dietsche, E. (2018). New industrial policy and the extractive industries. In Extractive Industries: The Management of 
Resources as a Driver of Sustainable Development. Addison, T. and Roe, A. (eds.). Oxford: Oxford Academic.

Dietsche, E. and Esteves, A.M. (2018). What are the prospects for Mozambique to diversify its economy on the back 
of ‘local content’? United Nations University World Institute for Development Economics Research (UNU-WIDER) 
Working Paper 2018/113. Helsinki: UNU-WIDER.

Djunisic, S. (2022). Syrah takes FID on solar-plus-storage project at Mozambique graphite mine. Renewables Now. 
https://renewablesnow.com/news/syrah-takes-fid-on-solar-plus-storage-project-at-mozambique-graphite-
mine-780645/.

Doloksaribu, D.C.N., Barus, T.A. and Sebayang, K. (2020). The impact of marine sand mining on sea water quality in 
Pantai Labu, Deli Serdang Regency, Indonesia. IOP Conference Series: Earth and Environmental Science 454, 012086.

Dorn, F.M. and Gundermann, H. (2022). Mining companies, indigenous communities, and the state: The political 
ecology of lithium in Chile (Salar de Atacama) and Argentina (Salar de Olaroz-Cauchari). Journal of Political Ecology 
29(1). https://doi.org/10.2458/jpe.5014 

Drazen, J.C., Smith, C.R., Gjerde, K.M., Haddock, S.H., Carter, G.S., Choy, C.A., et al. (2020). Midwater ecosystems must 
be considered when evaluating environmental risks of deep-sea mining. Proceedings of the National Academy of 
Sciences 117, 17455-17460.

Dresler, S., Tyrka, M., Szeliga, M., Ciura, J., Wielbo, J., Wójcik, M., et al. (2015). Increased genetic diversity in the 
populations of Echium vulgare L. colonising ZnePb waste heaps. Biochemical Systematics and Ecology 60, 28-36.

311

REFERENCES

https://eepower.com/news/mine-truck-powered-by-massive-battery-hydrogen-fuel-cell-launches-in-south-africa/
https://eepower.com/news/mine-truck-powered-by-massive-battery-hydrogen-fuel-cell-launches-in-south-africa/
https://www.dlapiper.com/en/us/insights/publications/2020/08/africa-connected-issue-4/5mine-rehabilitation-in-africa/
https://www.dlapiper.com/en/us/insights/publications/2020/08/africa-connected-issue-4/5mine-rehabilitation-in-africa/
https://www.gov.uk/government/publications/final-report-the-economics-of-biodiversity-the-dasgupta-review
https://doi.org/10.1038/s41893-022-00850-7
https://doi.org/10.2458/jpe.5014


Droste, N., Olsson, J.A., Hanson, H., Knaggård, Å., Lima, G., Lundmark, L., et al. (2022) A global overview of biodiversity 
offsetting governance. Journal of Environmental Management 316, 115231.

Dudgeon, D., Arthington, A.H., Gessner, M.O., Kawabata, Z.I., Knowler, D.J., Lévêque, C., et al. (2006) Freshwater 
biodiversity: importance, threats, status and conservation challenges. Biological Reviews 81, 163-182.

Durán, A.P., Rauch, J. & Gaston, K.J. (2013). Global spatial coincidence between protected areas and metal mining 
activities. Biological Conservation 160, 272-278.

Dzirutwe, M. (2021). Zimbabwe bans chrome ore exports to boost ferrochrome industry, 3 August. Reuters. 
https://www.reuters.com/article/zimbabwe-chrome-idAFL8N2PA65U.

Dziwornu Ablo, A. (2015). Local content and participation in Ghana’s oil and gas industry: Can enterprise development 
make a difference? The Extractive Industries and Society 2(2), 320-327. https://www.sciencedirect.com/science/
article/abs/pii/S2214790X15000477.

Edelstein, M. and Ben-Hur, M. (2018). Heavy metals and metalloids: Sources, risks and strategies to reduce their 
accumulation in horticultural crops. Scientia Horticulturae 234, 431-444.

Eftimie, A., Heller, K. and Strongman, J. (2009a). “Gender Dimensions of the Extractive Industries: Mining for Equity.” 
Working paper. Washington, DC: World Bank.

 Eftimie, A., Heller, K. and Strongman, J. (2009b). “Mainstreaming Gender into Extractive Industries Projects.” 
Guidance Note for Task Team Leaders. Washington, DC: World Bank.

Entwistle, J.A., Hursthouse, A.S., Marinho Reis, P.A. and Stewart, A.G. (2019) Metalliferous mine dust: human health 
impacts and the potential determinants of disease in mining communities. Current Pollution Reports 5, 67-83.

European Commission, Directorate-General for Environment (2001). EC guidance on undertaking non-energy 
extractive activities in accordance with Natura 2000 requirements. Luxembourg: Publications Office of the European 
Union. https://data.europa.eu/doi/10.2779/98870 

European Union (2018). Best Available Techniques (BAT) Reference Document for the Management of Waste from 
Extractive Industries, in accordance with Directive 2006/21/EC. Luxembourg: Publications Office of the European Union.

Falagán, C., Grail, B.M. and Johnson, D.B. (2017). New approaches for extracting and recovering metals from mine 
tailings. Minerals Engineering 106, 71-78.

Falasco, E., Bona, F., Badino, G., Hoffmann, L. and Ector, L. (2009). Diatom teratological forms and environmental 
alterations: a review. Hydrobiologia 623, 1-35.

Farjana, S.H., Huda, N., Mahmud, M.A.P. and Saidur, R. (2019) A review on the impact of mining and mineral 
processing industries through life cycle assessment. Journal of Cleaner Production 231, 1200-1217.

Franks, D.M., Stringer, M., Torres‑Cruz, L.A., Baker, E., Valenta, R., Thygesen, K., et al. (2021) Tailings facility disclosures 
reveal stability risks. Scientific Reports 11(1). https://www.nature.com/articles/s41598-021-84897-0.

Frelich, L.E. (2019). Terrestrial ecosystem impacts of sulfide mining: scope of issues for the boundary waters canoe 
area wilderness, Minnesota, USA. Forests 10, 747.

Fugiel, A., Burchard-Korol, D., Czaplicka-Kolarz, K. and Smoliński, A. (2017). Environmental impact and damage 
categories caused by air pollution emissions from mining and quarrying sectors of European countries. Journal of 
Cleaner Production 143, 159-168.

Garcia, L.C., Ribeiro, D.B., de Oliveira Roque, F., Ochoa-Quintero, J.M. and Laurance W.F. (2016). Brazil’s worst mining 
disaster: Corporations must be compelled to pay the actual environmental costs. Ecological Applications 27, 5-9.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

312

https://www.reuters.com/article/zimbabwe-chrome-idAFL8N2PA65U
https://www.sciencedirect.com/science/article/abs/pii/S2214790X15000477
https://www.sciencedirect.com/science/article/abs/pii/S2214790X15000477
https://data.europa.eu/doi/10.2779/98870
https://www.nature.com/articles/s41598-021-84897-0


Gatune, J. (2020). Leveraging Mineral Value Chains for Broad-Based and Sustainable Development – Policy Options for 
Ghana. United Nations University Institute for Natural Resources in Africa. Working Paper - WP-2021/6.

Gatune, J. (2024). “Engaging the Private Sector for Inclusive Extractive Industries and Sustainable Value Chains in 
Africa: A Look at Local Content Policy and Practice in Africa”. In Routledge Handbook of Natural Resource Governance 
in Africa. Besada, H., D’Alessandro, C. and Golla, T. (eds.). London: Routledge.

Gatune, J. and Cloete, D. (2022). SADC Industrialisation Futures: Towards Economic Wellbeing. SAIIA Policy Insights 
No. 123. South African Institute of International Affairs.

Gbadamosi, N. (2020). Ghana’s Bauxite Boom, 28 January. Foreign Policy. https://foreignpolicy.com/2020/01/28/
china-investment-bauxite-mining-ghana-infrastructure/.

Geenen, S. (2019). Gold and godfathers: local content, politics, and capitalism in extractive industries. World 
Development 123. https://doi.org/10.1016/j.worlddev.2019.06.028.

Gerson, J.R., Szponar, N., Zambrano, A.A., Bergquist, B., Broadbent, E., Driscoll, C.T., et al. (2022) Amazon forests 
capture high levels of atmospheric mercury pollution from artisanal gold mining. Nature Communications 13.

Giller, K.E., Witter, E. and McGrath, S.P. (1998) Toxicity of heavy metals to microorganisms and microbial processes in 
agricultural soils: a review. Soil Biology and Biochemistry 30, 1389-1414.

Gillmore, M.L., Golding, L.A., Chariton, A.A., Stauber, J.L., Stephenson, S., Gissi, F., et al. (2021) Metabarcoding reveals 
changes in benthic eukaryote and prokaryote community composition along a tropical marine sediment nickel 
gradient. Environmental Toxicology and Chemistry 40, 1892-1905.

Goodenough, K., Eimear D. and Shaw, R. (2021). Lithium resources, and their potential to support battery supply 
chains, in Africa. British Geological Survey. http://nora.nerc.ac.uk/id/eprint/530698/1/Lithium_in_Africa_Report.pdf.

Green, T.R, Taniguchi, M., Kooi, H., Gurdak, J.J., Allen, D.M., Hiscock, K.M., et al. (2011) Beneath the Surface of Global 
Change: Impacts of Climate Change on Groundwater. Journal of Hydrology 405(3-4,) 532–560.

Grizetti, B., Pistocchi, A., Liquete, C., Udias, A., Bouraoui, F. and van de Bund, W. (2017). Human pressures and 
ecological status of European rivers. Scientific Reports 7.

Gunson, A.J. (2013). Quantifying, Reducing and Improving Mine Water. PhD dissertation, 285 p. University of 
British Columbia: Vancouver, BC, Canada. https://open.library.ubc.ca/soa/cIRcle/collections/ubctheses/24/
items/1.0071942.

Gyebi, E. (2020). Residents sued Ghana manganese mining company over unlawful demolition, 20 July. WatchGhana. 
https://www.watchghana.com/en/details/12145/residents-suedghana-manganese-mining-company-over-unlawful-
demolition.

Harvey, B.P., Gwynn-Jones, D. and Moore, P.J. (2013). Meta-analysis reveals complex marine biological responses to 
the interactive effects of ocean acidification and warming. Ecology and Evolution 3, 1016-1030.

Hauton, C., Brown, A., Thatje, S., Mestre, N.C., Bebianno, M.J., Martins, I., et al. (2017). Identifying toxic impacts of 
metals potentially released during deep-sea mining—a synthesis of the challenges to quantifying risk. Frontiers in 
Marine Science 4.

Heijerick, D.G., Janssen, C.R. and De Coen, W.M. (2003). The combined effects of hardness, pH, and dissolved 
organic carbon on the chronic toxicity of Zn to D. magna: development of a surface response model. Archives of 
Environmental Contamination and Toxicology 44, 210-217.

Heino, J., Alahuhta, J., Bini, L.M., Cai, Y., Heiskanen, A.S., Hellsten, S., et al. (2021) Lakes in the era of global change: 
moving beyond single-lake thinking in maintaining biodiversity and ecosystem services. Biological Reviews 96, 89-106.

313

REFERENCES

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fforeignpolicy.com%2Fauthor%2Fnosmot-gbadamosi%2F&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Ccceed07c74194ca2973408dc0ec659dd%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638401492275201927%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=pLn48Z4tbV1BfDvOpR%2BuR8d5RXf74PNAILQyhhtNLQs%3D&reserved=0
https://foreignpolicy.com/2020/01/28/china-investment-bauxite-mining-ghana-infrastructure/
https://foreignpolicy.com/2020/01/28/china-investment-bauxite-mining-ghana-infrastructure/
https://doi.org/10.1016/j.worlddev.2019.06.028
http://nora.nerc.ac.uk/id/eprint/530698/1/Lithium_in_Africa_Report.pdf
https://open.library.ubc.ca/soa/cIRcle/collections/ubctheses/24/items/1.0071942
https://open.library.ubc.ca/soa/cIRcle/collections/ubctheses/24/items/1.0071942
https://www.watchghana.com/en/details/12145/residents-suedghana-manganese-mining-company-over-unlawful-demolition
https://www.watchghana.com/en/details/12145/residents-suedghana-manganese-mining-company-over-unlawful-demolition


Heredia, F., Martinez, A. L. and Surraco Urtubey, V. (2020). The importance of lithium for achieving a low-carbon 
future: Overview of the lithium extraction in the ‘Lithium Triangle.’ Journal of Energy & Natural Resources Law 38(3), 
213-236. https://doi.org/10.1080/02646811.2020.1784565.

Hilson, G. (2002). An overview of land use conflicts in mining communities. Land Use Policy 19(1), 65-73. https://doi.
org/10.1016/S0264-8377(01)00043-6.

Human Rights Watch (2011). Zambia: Workers Detail Abuse in Chinese-Owned Mines, 3 November. Human Rights 
Watch. https://www.hrw.org/news/2011/11/03/zambia-workers-detail-abuse-chinese-owned-mines.

International Council on Mining and Metals (nd). Supporting the Sustainable Development Goals. https://www.icmm.
com/en-gb/our-work/supporting-the-sustainable-development-goals. 

International Finance Corporation (2018). Unlocking Opportunities for Women and Business: A Toolkit of Actions and 
Strategies for Oil, Gas and Mining Companies. 22 May. https://www.ifc.org/en/insights-reports/2018/unlocking-
opportunities-for-women-and-business.

Intergovernmental Forum on Mining, Minerals, Metals and Sustainable Development (2018). IGF Guidance for 
Governments: Local content policies. Winnipeg: International Institute for Sustainable Development. https://www.iisd.
org/system/files/publications/igf-guidance-for-governments-local-content.pdf.

Intergovernmental Forum on Mining, Minerals, Metals and Sustainable Development (2023). Women and the Mine 
of the Future – Global Report. Winnipeg: International Institute for Sustainable Development. https://www.iisd.org/
system/files/2023-04/women-mine-of-the-future-global-report.pdf.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2019a). Summary for 
policymakers of the global assessment report on biodiversity and ecosystem services of the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services. Díaz, S., Settele, J., Brondízio, E.S., Ngo, H.T., Guèze, 
M., Agard, J., et al. (eds.). Bonn, Germany. https://doi.org/10.5281/zenodo.3553579.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2019b). Global assessment 
report of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Brondizio, E.S., 
Settele, J., Diaz, S. and Ngo, H.T. (eds). Bonn, Germany.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2022). Methodological 
Assessment Report on the Diverse Values and Valuation of Nature of the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services. Balvanera, P., Pascual, U., Christie, M., Baptiste, B. and González-Jiménez, D. 
(eds.). Bonn, Germany.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2022). Methodological 
Assessment Report on the Diverse Values and Valuation of Nature of the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services. Balvanera, P., Pascual, U., Christie, M., Baptiste, B. and González-Jiménez, D. 
(eds.). Bonn, Germany. https://doi.org/10.5281/zenodo.6522522.

International Labour Organization (2021). Women in mining: Towards gender equality. Geneva. https://www.ilo.org/
publications/women-mining-towards-gender-equality.

International Resource Panel (2019) Global Resources Outlook 2019: Natural Resources for the Future We Want. 
Oberle, B., Bringezu, S., Hatfield-Dodds, S., Hellweg, S., Schandl, H., Clement, J., and Cabernard, L., Che, N., Chen, D., 
Droz-Georget, H., Ekins, P., Fischer-Kowalski, M., Flörke, M., Frank, S., Froemelt , A., Geschke, A., Haupt , M., Havlik, P., 
Hüfner, R., Lenzen, M., Lieber, M., Liu, B., Lu, Y., Lutter, S., Mehr , J., Miatto, A., Newth, D., Oberschelp, C., Obersteiner, 
M., Pfister, S., Piccoli, E., Schaldach, R., Schüngel, J., Sonderegger, T., Sudheshwar, A., Tanikawa, H., van der Voet, 
E., Walker, C., West, J., Wang, Z., Zhu, B. A Report of the International Resource Panel. United Nations Environment 
Programme. Nairobi, Kenya. https://www.resourcepanel.org/reports/global-resources-outlook-2019.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

314

https://doi.org/10.1080/02646811.2020.1784565
https://doi.org/10.1016/S0264-8377(01)00043-6
https://doi.org/10.1016/S0264-8377(01)00043-6
https://www.hrw.org/news/2011/11/03/zambia-workers-detail-abuse-chinese-owned-mines
https://www.icmm.com/en-gb/our-work/supporting-the-sustainable-development-goals
https://www.icmm.com/en-gb/our-work/supporting-the-sustainable-development-goals
https://www.ifc.org/en/insights-reports/2018/unlocking-opportunities-for-women-and-business
https://www.ifc.org/en/insights-reports/2018/unlocking-opportunities-for-women-and-business
https://www.iisd.org/system/files/publications/igf-guidance-for-governments-local-content.pdf
https://www.iisd.org/system/files/publications/igf-guidance-for-governments-local-content.pdf
https://www.iisd.org/system/files/2023-04/women-mine-of-the-future-global-report.pdf
https://www.iisd.org/system/files/2023-04/women-mine-of-the-future-global-report.pdf
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.5281%2Fzenodo.3553579&data=02%7C01%7Cbenedict.aboki.omare%40ipbes.net%7C9fdf54aed7444f5b227108d77a69b741%7Cb3e5db5e2944483799f57488ace54319%7C0%7C0%7C637112466769067533&sdata=qYy%2BRC%2BX%2BH83ayZLgMBGaiFAI0Wqt5kYdrIzv36IYd8%3D&reserved=0
https://doi.org/10.5281/zenodo.6522522
https://www.ilo.org/publications/women-mining-towards-gender-equality
https://www.ilo.org/publications/women-mining-towards-gender-equality
https://www.resourcepanel.org/reports/global-resources-outlook-2019


International Resource Panel (2020a). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E.T., Pedro, A.M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, P., 
Ali, S., Kumar, S.V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., Clement, 
J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., Lahiri-Dutt, K., 
Mancini, L., Nuss, P., Petersen, I. and Sanders, A.R.D. A Report by the International Resource Panel. United Nations 
Environment Programme, Nairobi, Kenya. https://www.resourcepanel.org/reports/mineral-resource-governance-
21st-century.

International Resource Panel (2020b). Resource Efficiency and Climate Change: Material Efficiency Strategies for a 
Low-Carbon Future. Hertwich, E., Lifset, R., Pauliuk, S. and Heeren, N. A report of the International Resource Panel. 
United Nations Environment Programme, Nairobi, Kenya. https://www.resourcepanel.org/reports/resource-
efficiency-and-climate-change.

Investing News Network (2013). Is Zambia the Next Cobalt Hotspot? 20 March. https://investingnews.com/daily/
resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/.

Jackson, M.C., Loewen, C.J.G., Vinebrook, R.D. and Chimimba, C.T. (2016) Net effects of multiple stressors in 
freshwater ecosystems: a meta-analysis. Global Change Biology 22, 180-189. 

Jacobs, J.A., Lehr, J.H. and Testa, S.M. (2014) Acid mine drainage, rock drainage, and acid sulfate soils: causes, 
assessment, prediction, prevention, and remediation. Hoboken, NJ: John Wiley & Sons, Inc.

Jain, R.K., Cui, Z. and Domen, J.K. (2015) Environmental Impact of Mining and Mineral Processing: Management, 
Monitoring, and Auditing Processes. Oxford: Butterworth-Heinemann.

Jerez, B., Garcés, I. and Torres, R. (2021). Lithium extractivism and water injustices in the Salar de Atacama, 
Chile: The colonial shadow of green electromobility. Political Geography 87, 102382. https://doi.org/10.1016/j.
polgeo.2021.102382.

Jerrold, M.M. (2000). Butte: the richest hill on earth ... and the costliest mine superfund site. Engineering and Mining 
Journal 201(2), 31-44.

Jetz, W., McGeogh, M.A., Guralnick, R., Ferrier, S., Beck, J., Costello, M.J., et al. (2019). Essential biodiversity variables 
for mapping and monitoring species populations. Nature Ecology & Evolution 3, 539-551.

Jones, D.O.B., Durden, J.M., Murphy, K., Gjerde, K.M., Gebicka, A., Colaco, A., et al. (2019). Existing environmental 
management approaches relevant to deep-sea mining. Marine Policy 103, 172-181.

Khelifi, F., Caporale, A.G., Hamed, Y. and Adamo, P. (2021). Bioaccessibility of potentially toxic metals in soil, 
sediments and tailings from a north Africa phosphate-mining area: Insight into human health risk assessment. 
Journal of Environmental Management 279, 111634.

Koenig, R. (2000). Wildlife deaths are a grim wake-up call in eastern Europe. Science 287, 1737-1738.

Korinek, J. and Ramdoo, I. (2017). Local content policies in mineral-exporting countries. OECD Trade 
Policy Papers, No. 209, Paris: OECD Publishing. https://www.oecd-ilibrary.org/docserver/4b9b2617-en.
pdf?expires=1724431367&id=id&accname=guest&checksum=E3966DE3730FF088F07D03538F0757F9.

Koschinsky, A., Heinrich, L., Boehnke, K., Cohrs, J.C., Markus, T., Shani, M., et al. (2018). Deep‐sea mining: 
Interdisciplinary research on potential environmental, legal, economic, and societal implications. Integrated 
environmental assessment and management 14, 672-691.

Kossoff, D., Dubbin, W.E., Alfredsson, M., Edwards, S.J., Macklin, M.G. and Hudson-Edwards, K.A. (2014). Mine tailings 
dams: Characteristics, failure, environmental impacts, and remediation. Applied Geochemistry 51, 229-245.

Kotilainen, J.M., Peltonen, L. and Reinikainen, K. (2022). Community Benefit Agreements in the Nordic mining context: 
Local opportunities for collaboration in Sodankylä, Finland. Resources Policy 79, 102973.

315

REFERENCES

https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/resource-efficiency-and-climate-change
https://www.resourcepanel.org/reports/resource-efficiency-and-climate-change
https://investingnews.com/daily/resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/
https://investingnews.com/daily/resource-investing/battery-metals-investing/cobalt-investing/is-zambia-the-next-cobalt-hotspot/
https://doi.org/10.1016/j.polgeo.2021.102382
https://doi.org/10.1016/j.polgeo.2021.102382
https://www.oecd-ilibrary.org/docserver/4b9b2617-en.pdf?expires=1724431367&id=id&accname=guest&checksum=E3966DE3730FF088F07D03538F0757F9
https://www.oecd-ilibrary.org/docserver/4b9b2617-en.pdf?expires=1724431367&id=id&accname=guest&checksum=E3966DE3730FF088F07D03538F0757F9


Kujala, H., Whitehead, A.L., Morris, W.K. and Wintle, B.A. (2015) Towards strategic offsetting of biodiversity loss using 
spatial prioritization concepts and tools: A case study on mining impacts in Australia. Biological Conservation 192, 
513-521.

Kung, A., Kamila Svobodova, K., Lèbre, E., Valenta, R., Kemp, D. and Owen, J.R. (2021). Governing deep sea mining in 
the face of uncertainty. Journal of Environmental Management 279, 111593.

Kyere-Boateng, R. and Marek, M.V. (2021). Analysis of the social-ecological causes of deforestation and forest 
degradation in Ghana: application of the DPSIR Framework. Forests 12, 409.

Lahiri-Dutt, K, (2011). The Megaproject of Mining: A Feminist Critique. In Engineering Earth: The Impacts of Mega-
Engineering Projects. Brunn, S.D. (ed.). New York, NY: Springer. Chapter 3. 329–51.

Lake, R.G. and Hinch, S.G. (1999). Acute effects of suspended sediment angularity of juvenile coho salmon 
(Oncorhynchus kisutch). Canadian Journal of Fisheries and Aquatic Sciences 56, 862-867.

Laplonge, D. (2014). So You Think Youʼre Tough: Getting Serious about Gender in Mining. Perth: Factive.

Lavoie, I., Hamilton, P.B., Morin, S., Tiam, S.K., Kahlert, M., Gonḉalves, S., et al. (2017) Diatom teratologies as 
biomarkers of contamination: Are all deformities ecologically meaningful? Ecological Indicators 82, 539-550.

Leng, D., Shao, S., Xie, Y., Wang, H. and Liu, G. (2021). A brief review of recent progress on deep sea mining vehicle. 
Ocean Engineering 228, 108565.

Leppänen, J.J., Luoto, T. and Weckström, J. (2019). Spatio-temporal impact of salinated mine water on Lake 
Jormasjärvi, Finland. Environmental Pollution 247, 1078-1088.

Leppänen, J.J., Wekström, J. and Korhola, A. (2017). Multiple mining impacts induce widespread changes in 
ecosystem dynamics in a boreal lake. Scientific Reports 7, 10581.

Levin, L.A., Mengerink, K., Gjerde, K.M., Rowden, A.A., Van Dover, C.L., Clark, M.R., et al. (2016). Defining “serious harm” 
to the marine environment in the context of deep-seabed mining. Marine Policy 74, 245-259.

Li, Z., Ma, Z., van der Kuijp, T.J., Yuan, Z. and Huang, L. (2014). A review of soil heavy metal pollution from mines in 
China: pollution and health risk assessment. Science of the Total Environment 468-469, 843-853.

Lidman, J., Jonsson, M. and Berglund, Å.M.M. (2020). The effect of lead (Pb) and zinc (Zn) contamination on aquatic 
insect community composition and metamorphosis. The Science of the Total Environment 734, 139406.

Lin, J. and H.-J. Chang (2009). ‘DPR Debate—Should Industrial Policy in Developing Countries Conform to 
Comparative Advantage or Defy it? A Debate Between Justin Lin and Ha-Joon Chang’. Development Policy Review, 
27(5), 483–502.

Liu. K., Li, C., Tang, S., Shang, G., Yu, F. & Li, Y. (2020) Heavy metal concentration, potential ecological risk assessment 
and enzyme activity in soils affected by a lead-zinc tailing spill in Guangxi, China. Chemosphere 251, 126415.

Loayza-Muro, R.A., Elías-Letts, R., Marticorena-Ruíz, J.K., Palomino, E.J., Duivenvoorden, J.F., Kraak, M.H.S., et al. 
(2010). Metal-induced shifts in benthic macroinvertebrate community composition in Andean high-altitude streams. 
Environmental Toxicology and Chemistry 29, 2761-2768.

Lotfy, S.M. and Mostafa, A.Z. (2014). Phytoremediation of contaminated soil with cobalt and chromium. Journal of 
Geochemical Exploration 144, 367-373.

Louw, L. (2022). Driving gender equality, 1 April. Women in Mining. https://www.africanmining.co.za/2022/04/01/
driving-gender-equality-part-1/.

Luoto, T.P., Leppänen, J.J. and Weckströ, J. (2019). Wastewater discharge from a large Ni-Zn open cast mine 
degrades benthic integrity of Lake Nuasjärvi (Finland). Environmental Pollution 255, 113268.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

316

https://www.africanmining.co.za/category/women-in-mining/
https://www.africanmining.co.za/2022/04/01/driving-gender-equality-part-1/
https://www.africanmining.co.za/2022/04/01/driving-gender-equality-part-1/


Macdonald, C. (2018). The Role of Gender in the Extractives Industries. In Extractive Industries: The Management of 
Resources as a Driver of Sustainable Development. Addison, T. and Roe, A. (eds.). Oxford: Oxford Academic.

Mace, G.M., Barrett, M., Burgess, N.D., Cornell, S.E., Freeman, R., Grooten M., et al. (2018). Aiming higher to bend the 
curve of biodiversity loss. Nature Sustainability 1, 448-451.

Macháček, J. (2019). Typology of Environmental Impacts of Artisanal and Small-Scale Mining in African Great Lakes 
Region. Sustainability 11, 3027.

Macnamara, S. (2022). Significant shift in gender diversity through innovation in technology, 1 November. Women in 
Mining. https://www.africanmining.co.za/2022/11/01/significant-shift-in-gender-diversity-through-innovation-in-
technology/.

Magalhães, D.P., Margues, M.R.C., Baptista, D.F. and Buss, D.F. (2015). Metal bioavailability and toxicity in freshwaters. 
Environmental Chemistry Letters 13, 69-87.

Mahar, A., Wang, P., Ali, A., Awasthi, M.K., Lahori, A.H., Wang, Q., et al. (2016). Challenges and opportunities in the 
phytoremediation of heavy metals contaminated soils: a review. Ecotoxicology and Environmental Safety 126, 111-121.

Manning, P. (2019). Piling on the pressures to ecosystems. Science 366, 801.

Marconi, P., Arengo, F. and Clark, A. (2022). The arid Andean plateau waterscapes and the lithium triangle: flamingos 
as flagships for conservation of high‑altitude wetlands under pressure from mining development. Wetlands Ecology 
and Management 30, 827-852.

Markham, K.E. and Sangermano, F. (2018). Evaluating wildlife vulnerability to mercury pollution from artisanal and 
small-scale gold mining in Madre de Dios, Peru. Tropical Conservation Science 11, 1-12.

Marsh L., Huvenne, V.A.I. and Jones, D.O.B. (2018). Geomorphological evidence of large vertebrates interacting with 
the seafloor at abyssal depths in a region designated for deep-sea mining. Royal Society Open Science 5, 180286.

Martinez, E.A., Moore, B.C., Schaumloffel, J. and Dasgupta, N. (2002). The potential association between menta 
deformities and trace elements in Chironomidae (Diptera) taken from a heavy metal contaminated river. Archives of 
Environmental Contamination and Toxicology 42, 286-291.

Matthysen, K. and Gobbers, E. (2022). Armed conflict, insecurity, and mining in eastern DRC: Reflections on the nexus 
between natural resources and armed conflict. Antwerp: International Peace Information Service. https://ipisresearch.
be/publication/armed-conflict-insecurity-and-mining-in-eastern-drc-reflections-on-the-nexus-between-natural-
resources-and-armed-conflict/.

Maus, V., Giljum, S., da Silva, D.M., Gutschlhofer, J., da Rosa, R.P., Luckeneder, S., et al. (2022). An update on global 
mining land use. Scientific Data 9, 433.

Maxwell, S.L., Fuller, R.A., Brooks, T.M. & Watson, J.E.M. (2016) The ravages of guns, nets and bulldozers. Nature 536, 
143-145.

Mebane, C.A., Dillon, F.S. and Hennesy, D.P. (2012). Acute toxicity of cadmium, lead, zinc, and their mixtures to 
stream-resident fish and invertebrates. Environmental Toxicology and Chemistry 31, 1334-1348.

Mebane, C.A., Eakins, R.J., Fraser, B.G. & Adams, W.J. (2015) Recovery of a mining-damaged stream ecosystem. 
Elementa 3: 000042.

Mebane, C.A., Schmidt, T.S., Miller, J.L. and Ballistrieri, L.S. (2020). Bioaccumulation and Toxicity of Cadmium, Copper, 
Nickel, and Zinc and Their Mixtures to Aquatic Insect Communities. Environmental Toxicology 39, 812-833.

Merriam, E.R., Petty, J.T., Merovich, G.T., Fulton, J.B. and Strager, M.P. (2010). Additive effects of mining and 
residential development on stream conditions in a Central Appalachian watershed. Journal of North American 
Benthological Society 30, 399-418.

317

REFERENCES

https://www.africanmining.co.za/category/women-in-mining/
https://www.africanmining.co.za/category/women-in-mining/
https://www.africanmining.co.za/2022/11/01/significant-shift-in-gender-diversity-through-innovation-in-technology/
https://www.africanmining.co.za/2022/11/01/significant-shift-in-gender-diversity-through-innovation-in-technology/
https://ipisresearch.be/publication/armed-conflict-insecurity-and-mining-in-eastern-drc-reflections-on-the-nexus-between-natural-resources-and-armed-conflict/
https://ipisresearch.be/publication/armed-conflict-insecurity-and-mining-in-eastern-drc-reflections-on-the-nexus-between-natural-resources-and-armed-conflict/
https://ipisresearch.be/publication/armed-conflict-insecurity-and-mining-in-eastern-drc-reflections-on-the-nexus-between-natural-resources-and-armed-conflict/


Mining.com (2020). Rwanda smelter uses blockchain to comply with EU conflict mineral regulation, 19 November. 
https://www.mining.com/rwandan-smelter-partners-with-minespider-google-to-comply-with-eu-conflict-mineral-
regulation/.

Mondoloka, A. (2018). Approaches to Supporting Local and Community Development: The View from Zambia. In 
Extractive Industries: The Management of Resources as a Driver of Sustainable Development. Addison, T. and Roe, A. 
(eds.). Oxford: Oxford Academic. Chapter 29. 611–632.

Monteiro, N.B.R., da Silva, E.A. and Neto, J.M.M. (2019). Sustainable development goals in mining. Journal of Cleaner 
Production 228, 509-520. https://doi.org/10.1016/j.jclepro.2019.04.332.

Murguía, D.I., Bringezu, S. and Schaldach, R. (2016). Global direct pressures on biodiversity by large-scale metal 
mining: spatial distribution and implications for conservation. Journal of Environmental Management 180, 409-420.

Mussali-Galante, P., Tovar-Sánchez, E., Valverde, M., Valencia-Cuevas, L. and Rojas, E. (2013). Evidence of population 
genetic effects in Peromyscus melanophrys chronically exposed to mine tailingsin Morelos, Mexico. Environmental 
Science and Pollution Research 20, 7666-7679.

Mykrä, H., Kuoppala, M., Nykänen, V., Tolonen, K., Turunen, J., Vilmi, A., et al. (2021). Assessing mining impacts: 
The influence of background geochemical conditions on diatom and macroinvertebrate communities in subarctic 
streams. Journal of Environmental Management 278, 111532.

Närhi, P., Räisänen M.L., Sutinen M.-L. and Sutinen R. (2012). Effect of tailings on wetland vegetation in Rautuvaara, a 
former iron-copper mining area in northern Finland. Journal of Geochemical Exploration 116-117, 60-65.

Ngocho, B. and Magai, S. (2020). Mining In Tanzania: Effects of The Mining Legal Framework Overhaul. Africa 
Connected 4. DLA Piper.

Northey, S., Mohr, S., Mudd, G.M., Weng, Z. and Giurco, D. (2014). Modelling future copper ore grade decline based on 
a detailed assessment of copper resources and mining. Resources, Conservation & Recycling 83, 190-201.

Ochieng, G.M., Seanego, E.S and Nkwonta, O.I. (2010). Impacts of mining on water resources in South Africa: a review. 
Scientific Research and Essays 5(22), 3351-3357.

Östensson, O. (2017). Local Content, Supply Chains, and Shared Infrastructure. United Nations University World 
Institute for Development Economics Research (UNU-WIDER) Working Paper 2017/96. Helsinki: UNU-WIDER.

Otto, J. (2018). How Do We Legislate for Improved Community Development? In Extractive Industries: The 
Management of Resources as a Driver of Sustainable Development. Addison, T. and Roe, A. (eds.). Oxford: Oxford 
Academic. Chapter 32. 673–694. https://doi.org/10.1093/oso/9780198817369.003.0032.

Owen, J.R., Kemp, D., Lechner, A.M., Harris, J., Zhang, R. and Lèbre, E. (2023). Energy transition minerals and their 
intersection with land-connected peoples. Nature Sustainability 6, 203-211. https://doi.org/10.1038/s41893-022-
00994-6.

Oyewole, B (2018). Overview of Local Content Regulatory Frameworks in Selected ECCAS Countries. Geneva: United 
Nations Conference on Trade and Development.

Pact Global UK and Alliance for Responsible Mining (2018). Economic Contributions of Artisanal and Small-Scale 
Mining in Rwanda: Tin, Tantalum, and Tungsten. https://www.responsiblemines.org/wp-content/uploads/2018/03/
Rwanda_case_study.pdf. 

Palacios-Torres, Y., Caballero-Gallardo, K. and Olivero-Verbel, J. (2018). Mercury pollution by gold mining in a global 
biodiversity hotspot, the Choco biogeographic region, Colombia. Chemosphere 193, 421-430.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

318

https://www.mining.com/rwandan-smelter-partners-with-minespider-google-to-comply-with-eu-conflict-mineral-regulation/
https://www.mining.com/rwandan-smelter-partners-with-minespider-google-to-comply-with-eu-conflict-mineral-regulation/
https://doi.org/10.1016/j.jclepro.2019.04.332
https://doi.org/10.1093/oso/9780198817369.003.0032
https://doi.org/10.1038/s41893-022-00994-6
https://doi.org/10.1038/s41893-022-00994-6
https://www.responsiblemines.org/wp-content/uploads/2018/03/Rwanda_case_study.pdf
https://www.responsiblemines.org/wp-content/uploads/2018/03/Rwanda_case_study.pdf


Pandey, L.K. and Bergey, E.A. (2016). Exploring the status of motility, lipid bodies, deformities and size reduction in 
periphytic diatom community from chronically metal (Cu, Zn) polluted waterbodies as a biomonitoring tool. Science 
of the Total Environment 550, 372-381.

Paris, J.R., King, R.A. and Stevens, J.R. (2015). Human mining activity across the ages determines the genetic 
structure of modern brown trout (Salmo trutta L.) populations. Evolutionary Applications 8, 573-585.

Peltier-Huntley, Jocelyn. (2019). “Closing the Gender Gap in Canadian Mining: An Interdisciplinary Mixed Methods 
Study”. MSc thesis, University of Saskatchewan. 

Pereira, H.M., Ferrier, S., Walters, M., Geller, G.N., Jongman, R.H.G., Scholes, R.J., et al. (2013). Essential Biodiversity 
Variables. Science 339, 277-278.

Perks, R. and Schulz, K. (2020). Gender in Oil, Gas and Mining: An Overview of the Global State-of-Play. The Extractive 
Industries and Society 7(2), 380–88. 

Perrett, M., Sivarajah, B., Cheney, C.L., Korosi, J.B., Kimbe, L., Blais, J.M., et al. (2021). Impacts on aquatic biota from 
salinization and metalloid contamination by gold mine tailings in sub-Arctic lakes. Environmental Pollution 278, 
116815.

Pietrzyk-Sokulska, E., Uberman, R. and Kulczycka, J. (2015) The impact of mining on the environment in Poland – 
myths and reality. Mineral Resources Management 31, 45-64.

Primmer, E. and Furman, E. (2012). Operationalising ecosystem service approaches for governance: do measuring, 
mapping and valuing integrate sector-specific knowledge systems? Ecosystem Services 1(1), 85-92.

Radley, B. (2019). The End of the African Mining Enclave? Domestic Marginalisation and Labour Fragmentation in the 
Democratic Republic of Congo. Development and Change 51(3), 794-816. 

Raiter, K.G., Possingham, H.P., Prober, S.M. and Hobbs, R.J. (2014) Under the radar: mitigating enigmatic ecological 
impacts. Trends in Ecology & Evolution 29, 635-644.

Ramdoo, I. (2016). Local content policies in mineral-rich countries. An overview. Discussion Paper No. 193. Maastricht: 
European Center for Development Policy Management.

Raufflet, E., Baba, S., Perras, C. and Delannon, N. (2013). Social License. In Encyclopedia of Corporate Social 
Responsibility. Idowu, S.O., Capaldi, N., Zu, L. and Gupta, A.D. (eds.). New York, NY: Springer. https://doi.
org/10.1007/978-3-642-28036-8_77.

Reichl, C. and Schatz, M. (2022). World Mining Data 2022. Vienna: Federal Ministry for Agriculture, Regions and 
Tourism of Austria. https://www.world-mining-data.info/wmd/downloads/PDF/WMD2022.pdf.

Reid, A.J., Carlson, A.K., Creed, I.F., Eliason, E.J., Gell, P.A., Johnson, P.T.J., et al. (2019) Emerging threats and persistent 
conservation challenges for freshwater biodiversity. Biological Reviews 94, 849-873.

Renn, O., Gloaguen, R., Benighaus, C., Aijabou, L., Benihaus, L., Del Rio, V., et al. (2022). Metal sourcing for a 
sustainable future. Earth Science, Systems and Society 2, 10049.

Responsible Mining Foundation (2020). Gender inequality runs deep in mining. https://www.
responsibleminingfoundation.org/app/uploads/EN_Research-Insight-Gender-Inequality-June-2020.pdf.

Reta, G., Dong, X., Li, Z. Su, B., Hu, X. Bo, H., et al. (2018). Environmental impact of phosphate mining and 
beneficiation: review. International Journal of Hydrology 2, 424-431.

Reuters (2021). Cobalt-rich Congo tries to push into battery manufacturing. Reuters November 25, 2021. https://
www.reuters.com/markets/commodities/cobalt-rich-congo-tries-push-into-battery-manufacturing-2021-11-24/

319

REFERENCES

https://doi.org/10.1007/978-3-642-28036-8_77
https://doi.org/10.1007/978-3-642-28036-8_77
https://www.world-mining-data.info/wmd/downloads/PDF/WMD2022.pdf
https://www.responsibleminingfoundation.org/app/uploads/EN_Research-Insight-Gender-Inequality-June-2020.pdf
https://www.responsibleminingfoundation.org/app/uploads/EN_Research-Insight-Gender-Inequality-June-2020.pdf
https://www.reuters.com/markets/commodities/cobalt-rich-congo-tries-push-into-battery-manufacturing-2021-11-24/
https://www.reuters.com/markets/commodities/cobalt-rich-congo-tries-push-into-battery-manufacturing-2021-11-24/


Reuters (2022). Guinea asks bauxite miners to present local refinery plans by May, 9 April 9. https://www.reuters.
com/world/africa/guinea-asks-bauxite-miners-present-local-refinery-plans-by-may-2022-04-09/.

Rights and Accountability in Development and Centre d’Aide Juridico-Judiciaire (2021). The road to ruin? Electric 
vehicles and workers’ rights abuses at DR Congo’s industrial cobalt mines. https://raid-uk.org/wp-content/
uploads/2023/03/report_road_to_ruin_evs_cobalt_workers_nov_2021.pdf.

Rivas, V., Cendrero, A., Hurtado, M., Cabral, M., Giménez, J., Forte, L., et al. (2006). Geomorphic consequences of urban 
development and mining activities; an analysis of study areas in Spain and Argentina. Geomorphology 73, 185-206.

RoSA (2018). Broad-Based Socio-Economic Empowerment Charter for the Mining and Minerals Industry. Republic of 
South Africa (RoSA) September 2018.

Rowe, D.K., Hicks, M., Smith, J.P. and Williams, E. (2009). Lethal concentrations of suspended solids for common 
native fish species that are rare in New Zealand rivers with high suspended solids loads. New Zealand Journal of 
Marine and Freshwater Research 43, 1029-1038.

Sairinen, R., Tiainen, H. and Mononen, T. (2017). Talvivaara mine and water pollution: An analysis of mining conflict in 
Finland. The Extractive Industries and Society 4, 640-651.

Santana, C.S., Olivares, D.M.M., Silva, V.H.C., Luzardo, F.H.M., Velasco, F.G. and de Jesus, R.M. (2020). Assessment of 
water resources pollution associated with mining activity in a semi-arid region. Journal of Environmental Management 
273, 111148.

Santore, R.C., Di Toro, D.M., Paquin, P.R., Allen, H.E. and Meyer, J.S. (2001). Biotic ligand model of the acute toxicity of 
metals. 2. Application acute copper toxicity in freshwater fish and Daphnia. Environmental Toxicology and Chemistry 
20, 2397-2402.

Sasaki, K., Lesbarreres, D., Watson, G. and Litzgus, J. (2015). Mining-caused changes to habitat structure affect 
amphibian and reptile population ecology more than metal pollution. Ecological Applications 25, 2240-2254.

Scheyder, E. (2022). Syrah Resources gets $107 mln U.S. loan for Louisiana EV battery plant, 19 April. Reuters. https://
www.reuters.com/business/energy/syrah-resources-gets-107-mln-us-loan-louisiana-ev-battery-plant-2022-04-19/. 

Sfakianakis, D.G., Renieri, E., Kentouri, M. and Tsatsakis, A.M. (2015). Effect of heavy metals on fish larvae 
deformities: a review. Environmental Research 137, 246-255.

Silva Rotta, L.H., Alcântara, E., Park, E., Negri, R.G., Lin, Y.N., Bernardo, N., et al. (2020). The 2019 Brumadinho tailings 
dam collapse: Possible cause and impacts of the worst human and environmental disaster in Brazil. International 
Journal of Applied Earth Observation and Geoinformation 90, 102119.

Silva, L.F.O., Oliveira, M.L.S., Crissien, T.J., Santosh, M., Bolivar, J., Shao, L., et al. (2022). A review on the environmental 
impact of phosphogypsum and potential health impacts through the release of nanoparticles. Chemosphere 286, 
131513.

Simon-Lledó, E., Brett, B.J., Huvenne, V.A.I., Köser, K., Shoening, T., Greinert, J., et al. (2020). Biological effects 26 years 
after simulated deep-sea mining. Scientific Reports 9, 8040.

Smith T. (2023). Changing the narrative around women in mining, 14 February. ESI Africa. https://www.esi-africa.
com/business-and-markets/changing-the-narrative-around-women-in-mining/.

Smith, T. and Manyolov, K. (2007). Diatom deformities from an acid mine drainage site at Friendship Hills national 
historical site, Pennsylvania. Journal of Freshwater Ecology 22, 521-527.

Søndergaard, J., Johansen, P., Asmund, G. and Rigét, F. (2011). Trends of lead and zinc in resident and transplanted 
Flavocetraria nivalis lichens near a former lead–zinc mine in West Greenland. Science of the Total Environment 409, 
4063-4071.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

320

https://www.reuters.com/world/africa/guinea-asks-bauxite-miners-present-local-refinery-plans-by-may-2022-04-09/
https://www.reuters.com/world/africa/guinea-asks-bauxite-miners-present-local-refinery-plans-by-may-2022-04-09/
https://raid-uk.org/wp-content/uploads/2023/03/report_road_to_ruin_evs_cobalt_workers_nov_2021.pdf
https://raid-uk.org/wp-content/uploads/2023/03/report_road_to_ruin_evs_cobalt_workers_nov_2021.pdf
https://www.reuters.com/business/energy/syrah-resources-gets-107-mln-us-loan-louisiana-ev-battery-plant-2022-04-19/
https://www.reuters.com/business/energy/syrah-resources-gets-107-mln-us-loan-louisiana-ev-battery-plant-2022-04-19/
https://www.esi-africa.com/business-and-markets/changing-the-narrative-around-women-in-mining/
https://www.esi-africa.com/business-and-markets/changing-the-narrative-around-women-in-mining/


Song, Y., Shu, W., Wang, A. and Liu, W. (2014). Characters of soil algae during primary succession on copper mine 
dumps. Journal of Soils and Sediments 14, 577-583.

Sonne, C., Bach, L., Søndergaard, J., Rigét, F.F., Dietz, R., Mosbech, A., et al. (2014). Evaluation of the use of common 
sculpin (Myoxocephalus scorpius) organ histology as bioindicator for element exposure in the fjord of the mining area 
Maarmorilik, West Greenland. Environmental Research 133, 304-311.

Sonter, L.J., Dade, M.C., Watson, J.E. and Valenta, R.K. (2020). Renewable energy production will exacerbate mining 
threats to biodiversity. Nature communications, 11(1), 4174.

Sonter, L.J., Ali, S.H. and Watson, J.E.M. (2018). Mining and biodiversity: key issues and research needs in 
conservation science. Proceedings of the Royal Society of Biological Sciences 285, 20181926.

Sonter, L.J., Herrera, D., Barrett, D.J., Galford, G.L., Moran, C.J. and Soares-Filho, B.S. (2017). Mining drives extensive 
deforestation in the Brazilian Amazon. Nature Communications 8: 1038.

Sprocati A.R., Alisi C., Tasso F., Fiore A., Marconi P., Langella F., et al. (2014). Bioprospecting at former mining sites 
across Europe: microbial and functional diversity in soils. Environmental Science and Pollution Research 21, 6824-6835.

Suedel, B.C., Wilkens, J.L. and Kennedy, A.J. (2017). Effects of suspended sediment on early life stages of 
smallmouth bass (Micropterus dolomieu). Archives of Environmental Contamination and Toxicology 72, 119-131.

Tabelin, C.B., Dallas, J., Casanova, S., Pelech, T., Bournival, G., Saydam, S., et al. (2021). Towards a low-carbon society: 
A review of lithium resource availability, challenges and innovations in mining, extraction and recycling, and future 
perspectives. Minerals Engineering 163, 106743. https://doi.org/10.1016/j.mineng.2020.106743.

Takouleu, J.M. (2018). GUINEA: Bauxite Environment Network develops plan to protect biodiversity, 14 September. 
Afrik21. https://www.afrik21.africa/en/guinea-bauxite-environment-network-develops-plan-to-protect-biodiversity/.

Tarras-Wahlberg, H. and Southalan, J. (2022). Mining and indigenous rights in Sweden: what is at stake and the role 
for legislation. Mineral Economics 35(2), 239-252 

The Advocates for Human Rights (2019). Promoting Gender Diversity and Inclusion in the Oil, Gas and Mining 
Extractive Industries. https://www.theadvocatesforhumanrights.org/Res/promoting_gender_diversity_and_
inclusion_in_the_oil_gas_and_mining_extractive_industries.pdf.

The Standard (2022). Chinese Scramble For Zim’s Chrome Leaves Communal Lands Scarred, 13 March. https://
www.newzimbabwe.com/feature-chinese-scramble-for-zims-chrome-leaves-communal-lands-scarred/.

Thomas-Slayter, B. and Sodikoff, G. (2001). Sustainable Investments: Women’s Contributions to Natural Resource 
Management Projects in Africa. Development in Practice 11(1), 45–61. http://www.jstor.org/stable/4029637. 

Toledano, P. Martin Dietrich Brauch, M. D. Bhuwalka, K and Busia K. (2021). The Case for a Climate-Smart Update of 
the Africa Mining Vision. Columbia Center On Sustainable Investment. April 2021 https://ccsi.columbia.edu/sites/
default/files/content/docs/The-Case-for-a-Climate-Smart-Update-of-the-African-Mining-Vision_0.pdf

Tolonen, K., Mykrä, H., Kauppi, S., Primmer, E. et al. (nd). Meta analysis of mining impacts on biodiversity with 
essential biodiversity variables. Manuscript.

Trenchard, T. (2023). South African villages are being ravaged by illegal chrome mining. Geographical, 30 October. 
https://geographical.co.uk/science-environment/witrandjie-south-africa-villaged-ravaged-for-chrome.

Trop, T. (2017). An overview of the management policy for marine sand mining in Israeli Mediterranean shallow 
waters. Ocean & Coastal Management 146, 77-88.

United Nations Development Programme (nd). How can mining contribute to the Sustainable Development Goals? 
Africa Renewal. https://www.un.org/africarenewal/news/how-can-mining-contribute-sustainable-development-goals.

321

REFERENCES

https://doi.org/10.1016/j.mineng.2020.106743
https://www.afrik21.africa/en/guinea-bauxite-environment-network-develops-plan-to-protect-biodiversity/
https://www.theadvocatesforhumanrights.org/Res/promoting_gender_diversity_and_inclusion_in_the_oil_gas_and_mining_extractive_industries.pdf
https://www.theadvocatesforhumanrights.org/Res/promoting_gender_diversity_and_inclusion_in_the_oil_gas_and_mining_extractive_industries.pdf
https://www.newzimbabwe.com/feature-chinese-scramble-for-zims-chrome-leaves-communal-lands-scarred/
https://www.newzimbabwe.com/feature-chinese-scramble-for-zims-chrome-leaves-communal-lands-scarred/
http://www.jstor.org/stable/4029637
https://ccsi.columbia.edu/sites/default/files/content/docs/The-Case-for-a-Climate-Smart-Update-of-the-African-Mining-Vision_0.pdf
https://ccsi.columbia.edu/sites/default/files/content/docs/The-Case-for-a-Climate-Smart-Update-of-the-African-Mining-Vision_0.pdf
https://geographical.co.uk/science-environment/witrandjie-south-africa-villaged-ravaged-for-chrome
https://www.un.org/africarenewal/news/how-can-mining-contribute-sustainable-development-goals


United Nations Development Programme (2016). Mapping Mining to the SDGs: An Atlas. United Nations Development 
Programme, World Economic Forum, Columbia Center on Sustainable Investments and Sustainable Development 
Solutions Network. https://www.undp.org/sites/g/files/zskgke326/files/publications/Mapping_Mining_SDGs_An_
Atlas_Executive_Summary_FINAL.pdf.

United Nations, Economic Commission for Africa (2012). The African Minerals Development Centre Business Plan. 
United Nations Economic Commission for Africa (UNECA), Addis Ababa

United Nations Educational, Scientific and Cultural Organization (2017). Cracking the code: Girls’ and women’s 
education in science, technology, engineering and mathematics (STEM). Paris. https://unesdoc.unesco.org/
ark:/48223/pf0000253479.

United Nations Entity for Gender Equality and the Empowerment of Women (2016). Mapping Study on Gender and 
Extractive Industries in Mainland Tanzania. https://internationalwim.org/wp-content/uploads/2020/11/170119-
mapping-study-of-gender-and-ei-in-mainland-tz-compressed.pdf.

United Nations Environment Programme (2011). Decoupling natural resource use and environmental impacts 
from economic growth, A Report of the Working Group on Decoupling to the International Resource Panel. Fischer-
Kowalski, M., Swilling, M., von Weizsäcker, E.U., Ren, Y., Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., 
Giljum, S., Hennicke, P., Romero Lankao, P., Siriban Manalang, A., Sewerin, S. https://www.resourcepanel.org/reports/
decoupling-natural-resource-use-and-environmental-impacts-economic-growth

United Nations Environment Programme (2013). Environmental Risks and Challenges of Anthropogenic Metals Flows 
and Cycles, A Report of the Working Group on the Global Metal Flows to the International Resource Panel. van der 
Voet, E., Salminen, R., Eckelman, M., Mudd, G., Norgate, T. and Hischier, R. Nairobi. https://www.resourcepanel.org/
reports/environmental-risks-and-challenges-anthropogenic-metals-flows-and-cycles.

United Nations Environment Programme (2014). Decoupling 2: technologies, opportunities and policy options. A 
Report of the Working Group on Decoupling to the International Resource Panel. von Weizsäcker, E.U., de Larderel, J, 
Hargroves, K., Hudson, C., Smith, M., Rodrigues, M. https://www.resourcepanel.org/reports/decoupling-2

Vella, H. (2018). Blessing and curse: understanding the social impact of Chinese mining in Africa, 18 January. Mining 
Technology. https://www.mining-technology.com/features/blessing-curse-understanding-social-impact-chinese-
mining-africa/.

Virah-Sawmy, M., Ebeling, J. and Taplin, R. (2014). Mining and biodiversity offsets: A transparent and science-based 
approach to measure “no-net-loss”. Journal of Environmental Management 143, 61-70.

Werner, T.T., Bebbington, A. and Gregory, G. (2019). Assessing impacts of mining: Recent contributions from GIS and 
remote sensing. The Extractive Industries and Society 6(3), 993-1012. https://doi.org/10.1016/j.exis.2019.06.011.

Wójcik, M., Dresler, S., Jawor, E., Kowalczyk, K. and Tukiendorf, A. (2013). Morphological, physiological, and genetic 
variation between metallicolous and nonmetallicolous populations of Dianthus carthusianorum. Chemosphere 90, 
1249-1257.

Wolkersdorfer, C. and Mugova, E. (2022). Effects of Mining on Surface Water. In Encyclopedia of Inland Waters. Irvine, 
K., Chapman, D. and Warner, S. (ed.). Amsterdam: Elsevier. 170–188.

Women In Mining Ghana (2020). Changing Perceptions on Small Scale Artisanal Mining in Ghana. A Focus on Women 
in Northern Ghana. Women In Mining Ghana (WIM) and The Social Investment Consultancy Africa (TSIC). 

Women in Mining (UK) and PWC (2015). Mining for Talent 2015: A review of women on boards in the mining industry 
2012 – 2014.. London. https://www.pwc.co.uk/assets/pdf/women-in-mining-2015.pdf

WoMin (2015). The Africa Mining Vision: A Long Overdue Ecofeminist Critique. Johannesburg: WoMin African Alliance 
https://womin.africa/download/womin-analytical-paper 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

322

https://www.undp.org/sites/g/files/zskgke326/files/publications/Mapping_Mining_SDGs_An_Atlas_Executive_Summary_FINAL.pdf
https://www.undp.org/sites/g/files/zskgke326/files/publications/Mapping_Mining_SDGs_An_Atlas_Executive_Summary_FINAL.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000253479
https://unesdoc.unesco.org/ark:/48223/pf0000253479
https://internationalwim.org/wp-content/uploads/2020/11/170119-mapping-study-of-gender-and-ei-in-mainland-tz-compressed.pdf
https://internationalwim.org/wp-content/uploads/2020/11/170119-mapping-study-of-gender-and-ei-in-mainland-tz-compressed.pdf
https://www.resourcepanel.org/reports/decoupling-natural-resource-use-and-environmental-impacts-economic-growth
https://www.resourcepanel.org/reports/decoupling-natural-resource-use-and-environmental-impacts-economic-growth
https://www.resourcepanel.org/reports/environmental-risks-and-challenges-anthropogenic-metals-flows-and-cycles
https://www.resourcepanel.org/reports/environmental-risks-and-challenges-anthropogenic-metals-flows-and-cycles
https://www.mining-technology.com/features/blessing-curse-understanding-social-impact-chinese-mining-africa/
https://www.mining-technology.com/features/blessing-curse-understanding-social-impact-chinese-mining-africa/
https://doi.org/10.1016/j.exis.2019.06.011


World Bank (2007). Democratic Republic of the Congo – Poverty and Social Impact Analysis – Mine Sector 
Reform. Report 40505-ZR. https://documents1.worldbank.org/curated/en/750411468019743700/
pdf/405050SR0Congo1al0Final0Final0No0TG.pdf.

World Bank (2015a). Brief No. 1: Gender and the Extractive Industries: An Overview. Washington, DC: World Bank 
Group. www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries. 
Accessed in June 2022.

World Bank (2015b). Brief No. 2: Women’s Employment in the Extractive Industries. Washington, DC: World Bank 
Group. www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries. 
Accessed in June 2022.

World Bank (2015c). Brief No. 3: Women in the Supply Chain. Washington, DC: World Bank Group. www.worldbank.
org/en/topic/extractiveindustries/brief/gender-in-extractive-industries. Accessed in June 2022.

World Bank (2015d). Brief No 4: Women and Artisanal and Small-Scale Mining (ASM). Washington, DC: World Bank 
Group. www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries. 
Accessed in June 2022.

World Bank (2015e). Brief 5: Women’s Leadership in the Extractive Industries. Washington, DC: World Bank Group. 
www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries. Accessed in June 2022.

World Bank (2015f). Brief No 6: Strategies for Mainstreaming Gender in the Extractive Industries. Washington, 
DC: World Bank Group. www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries. 
Accessed in June 2022.

World Bank (2018). Closing the Gender Gap in Extractives: What Has Been Done and What Have We Learned? 
Live Wire No. 2018/87. Washington, DC: World Bank Group. https://openknowledge.worldbank.org/bitstream/
handle/10986/30389/129731-BRI-PUBLIC-VC-LW87-OKR.pdf?sequence=1.

World Wide Fund for Nature (2023). Extracted forests. Unearthing the role of mining-related deforestation as a driver 
of global deforestation. https://wwfint.awsassets.panda.org/downloads/wwf_studie_extracted_forests_1_1.pdf.

Wunder, S., Engel, S. and Pagiola, S. (2008) Taking stock: A comparative analysis of payments for environmental 
services programs in developed and developing countries. Ecological Economics 65, 834-852.

Zhang, T., Tu, Z., Lu, G., Duan, X., Yi, X., Guo, C., et al. (2017). Removal of heavy metals from acid mine drainage using 
chicken eggshells in column mode. Journal of Environmental Management 188, 1-8.

Zhou, Q., Yang, N., Li, Y., Ren, B., Ding, X., Bian, H., et al. (2020). Total concentrations and sources of heavy metal 
pollution in global river and lake water bodies from 1972 to 2017. Global Ecology and Conservation 22, e00925.

Zou, W., Tolonen, K.T., Zhu, G., Qin, B., Zhang, Y., Cao, Z., et al. (2019). Catastrophic effects of sand mining in a large 
shallow lake with implications for management. Science of the Total Environment 695, 133706.

Zvereva, E.L. and Kozlov, M.V. (2010). Responses of terrestrial arthropods to air pollution: a meta-analysis. 
Environmental Science and Pollution Research 17, 297-311.

323

REFERENCES

https://documents1.worldbank.org/curated/en/750411468019743700/pdf/405050SR0Congo1al0Final0Final0No0TG.pdf
https://documents1.worldbank.org/curated/en/750411468019743700/pdf/405050SR0Congo1al0Final0Final0No0TG.pdf
http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries
http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries
http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries
http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries
http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries
http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries
http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries
https://openknowledge.worldbank.org/bitstream/handle/10986/30389/129731-BRI-PUBLIC-VC-LW87-OKR.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/30389/129731-BRI-PUBLIC-VC-LW87-OKR.pdf?sequence=1
https://wwfint.awsassets.panda.org/downloads/wwf_studie_extracted_forests_1_1.pdf


CHAPTER 4

Acuff, K. and Kaffine, D. (2013). Greenhouse gas emissions, waste and recycling policy. Journal of Environmental 
Economics and Management 65(1), 74-86.

Allwood, J.M. (2014). Squaring the Circular Economy. In Handbook of Recycling. Worrell, E. and Reuter, M.A. (eds.). 
Amsterdam: Elsevier. Chapter 30. 445–477. https://doi.org/10.1016/B978-0-12-396459-5.00030-1.

Araujo, F.S.M., Taborda-Llano, I., Nunes, E.B. and Santos, R.M. (2022). Recycling and Reuse of Mine Tailings: A Review 
of Advancements and Their Implications. Geosciences 12(9), 9. https://doi.org/10.3390/geosciences12090319.

Araya, N., Ramírez, Y., Kraslawski, A. and Cisternas, L.A. (2021). Feasibility of re-processing mine tailings to obtain 
critical raw materials using real options analysis. Journal of Environmental Management, 284, 112060. https://doi.
org/10.1016/j.jenvman.2021.112060.

Arora, M., Raspall, F., Fearnley, L. and Silva, A. (2021). Urban mining in buildings for a circular economy: Planning, 
process and feasibility prospects. Resources, Conservation and Recycling 174, 105754. https://doi.org/10.1016/j.
resconrec.2021.105754.

Born, K. and Ciftci, M.M. (2024). The limitations of end-of-life copper recycling and its implications for the 
circular economy of metals. Resources, Conservation and Recycling 200, 107318. https://doi.org/10.1016/j.
resconrec.2023.107318.

Bradford, T. (2008). Polysilicon: Supply, Demand & Implications for the PV Industry. Greentech Media Inc. and 
Prometheus Institute. 

Carrara, S., Alves Dias, P., Plazzotta, B. and Pavel, C. (2020). Raw materials demand for wind and solar PV technologies 
in the transition towards a decarbonised energy system. Luxembourg: Publications Office of the European Union. 
https://op.europa.eu/en/publication-detail/-/publication/19aae047-7f88-11ea-aea8-01aa75ed71a1/language-en.

Christmann, P. and Lefebvre, G. (2022). Trends in global mineral and metal criticality: The need for technological 
foresight. Mineral Economics 35(3), 641–652. https://doi.org/10.1007/s13563-022-00323-5.

Ciacci, L., Harper, E.M., Nassar, N.T., Reck, B.K. and Graedel, T.E. (2016). Metal Dissipation and Inefficient Recycling 
Intensify Climate Forcing. Environmental Science & Technology 50(20), 11394–11402. https://doi.org/10.1021/acs.
est.6b02714.

Cimprich, A., Young, S.B., Schrijvers, D., Ku, A.Y., Hagelüken, C., Christmann, P., et al. (2023). The role of industrial 
actors in the circular economy for critical raw materials: A framework with case studies across a range of industries. 
Mineral Economics 36(2), 301–319. https://doi.org/10.1007/s13563-022-00304-8.

Compañero, R. J., Feldmann, A. and Tilliander, A. (2021). Circular Steel: How Information and Actor Incentives Impact 
the Recyclability of Scrap. Journal of Sustainable Metallurgy 7(4), 1654–1670. https://doi.org/10.1007/s40831-021-
00436-1.

Conte, N. (2022). The Carbon Emissions of Producing Energy Transition Metals: Charted, 10 October. Elements 
by Visual Capitalist. https://elements.visualcapitalist.com/the-carbon-emissions-of-producing-energy-transition-
metals-charted/.

Dias, S. (2012). Waste and Development – Perspectives from the Ground. Field Actions Science Reports Special Issue 6. 
https://journals.openedition.org/factsreports/1615.

Diehl, O., Schönfeldt, M., Brouwer, E., Dirks, A., Rachut, K., Gassmann, J., et al. (2018). Towards an Alloy Recycling of 
Nd–Fe–B Permanent Magnets in a Circular Economy. Journal of Sustainable Metallurgy 4(2), 163–175. https://doi.
org/10.1007/s40831-018-0171-7.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

324

https://doi.org/10.1016/B978-0-12-396459-5.00030-1
https://doi.org/10.3390/geosciences12090319
https://doi.org/10.1016/j.jenvman.2021.112060
https://doi.org/10.1016/j.jenvman.2021.112060
https://doi.org/10.1016/j.resconrec.2021.105754
https://doi.org/10.1016/j.resconrec.2021.105754
https://doi.org/10.1016/j.resconrec.2023.107318
https://doi.org/10.1016/j.resconrec.2023.107318
https://op.europa.eu/en/publication-detail/-/publication/19aae047-7f88-11ea-aea8-01aa75ed71a1/language-en
https://doi.org/10.1007/s13563-022-00323-5
https://doi.org/10.1021/acs.est.6b02714
https://doi.org/10.1021/acs.est.6b02714
https://doi.org/10.1007/s13563-022-00304-8
https://doi.org/10.1007/s40831-021-00436-1
https://doi.org/10.1007/s40831-021-00436-1
https://elements.visualcapitalist.com/the-carbon-emissions-of-producing-energy-transition-metals-charted/
https://elements.visualcapitalist.com/the-carbon-emissions-of-producing-energy-transition-metals-charted/
https://journals.openedition.org/factsreports/1615
https://doi.org/10.1007/s40831-018-0171-7
https://doi.org/10.1007/s40831-018-0171-7


Dominish, E., Florin, N. and Teske, S. (2019). Responsible Minerals Sourcing for Renewable Energy. Sydney: Institute 
for Sustainable Futures, University of Technology Sydney.

Dong, Y., Zan, J. and Lin, H. (2023). Bioleaching of heavy metals from metal tailings utilizing bacteria and fungi: 
Mechanisms, strengthen measures, and development prospect. Journal of Environmental Management 344, 118511. 
https://doi.org/10.1016/j.jenvman.2023.118511.

Eichner, T. and Runkel, M. (2005). Efficient Policies for Green Design in a Vintage Durable Good Model. Environmental 
and Resource Economics 30(3), 259-278. https://doi.org/10.1007/s10640-004-2302-9.

Energy Transitions Commission (2023). Material and Resource Requirements for the Energy Transition. https://www.
energy-transitions.org/publications/material-and-resource-energy-transition/.

European Commission. (2020a). Guidelines for the Implementation of the Green Agenda for the Western Balkans. 
Commission Staff Working Document 223. Accessed at: https://eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri=CELEX:52020SC0223

European Commission. (2020b). An Economic and Investment Plan for the Western Balkans. Communication 
from the Commission to the European Parliament, the Council, the European Economic and Social 
Committee and the Committee of the Regions 641. Accessed at: https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=COM:2020:641:FIN

European Commission (2022). Proposal for a Regulation of the European Parliament and of the Council establishing 
a framework for setting ecodesign requirements for sustainable products and repealing Directive 2009/125/EC. 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0142.

European Commission (2023a). Proposal for a regulation of the European Parliament and of the Council establishing 
a framework for ensuring a secure and sustainable supply of critical raw materials and amending Regulations (EU) 
168/2013, (EU) 2018/858, 2018/1724 and (EU) 2019/102. https://single-market-economy.ec.europa.eu/publications/
european-critical-raw-materials-act_en.

European Commission (2023b). Regulation (EU) 2023/1542 of the European Parliament and of the Council of 12 July 
2023 concerning batteries and waste batteries, amending Directive 2008/98/EC and Regulation (EU) 2019/1020 and 
repealing Directive 2006/66/EC. https://eur-lex.europa.eu/eli/reg/2023/1542/oj.

European Commission (2023c). Waste Framework Directive. https://environment.ec.europa.eu/topics/waste-and-
recycling/waste-framework-directive_en.

European Investment Bank (2020). EIB reaffirms commitment to a European battery industry to boost green recovery, 
19 May. https://www.eib.org/en/press/all/2020-121-eib-reaffirms-commitment-to-a-european-battery-industry-to-
boost-green-recovery.

European Investment Bank (2022). 15 years of EIB green bonds: Leading sustainable investment from niche to 
mainstream, 5 July. https://www.eib.org/en/press/all/2022-308-15-years-of-eib-green-bonds-leading-sustainable-
investment-from-niche-to-mainstream.

Fischer, A. and Achterberg, E. (2022). The financial sector as a driver of the circular transition—Digest: Roadmap 
Circular Finance 2030. Platform voor Duurzame Finanziering. https://www.dnb.nl/media/jn5jlebg/20220202-pdf-
finance-roadmap-digest-en.pdf.

Fraunhofer Institute for Solar Energy Systems (2020). Photovoltaics Report. https://www.ise.fraunhofer.de/content/
dam/ise/de/documents/publications/studies/Photovoltaics-Report.pdf.

Gate C. and Green Purposes Company (2023). For a Circular Energy Transition: Action Plan for Industry, Policymakers 
and Investors. https://circulareconomy.europa.eu/platform/sites/default/files/2023-06/Circular-energy-transition.pdf. 

325

REFERENCES

https://doi.org/10.1016/j.jenvman.2023.118511
https://doi.org/10.1007/s10640-004-2302-9
https://www.energy-transitions.org/publications/material-and-resource-energy-transition/
https://www.energy-transitions.org/publications/material-and-resource-energy-transition/
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Feur-lex.europa.eu%2Flegal-content%2FEN%2FTXT%2FPDF%2F%3Furi%3DCELEX%3A52020SC0223&data=05%7C02%7Cainhoa.carpintero%40un.org%7C6b432a7137e04861068108dce48a741a%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638636530519273415%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=2aK9pWXOvSlwYOtdyX%2FdIZo6fQUe0%2B4Ai8JJh%2FE%2BdA8%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Feur-lex.europa.eu%2Flegal-content%2FEN%2FTXT%2FPDF%2F%3Furi%3DCELEX%3A52020SC0223&data=05%7C02%7Cainhoa.carpintero%40un.org%7C6b432a7137e04861068108dce48a741a%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638636530519273415%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=2aK9pWXOvSlwYOtdyX%2FdIZo6fQUe0%2B4Ai8JJh%2FE%2BdA8%3D&reserved=0
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2020:641:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2020:641:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0142
https://single-market-economy.ec.europa.eu/publications/european-critical-raw-materials-act_en
https://single-market-economy.ec.europa.eu/publications/european-critical-raw-materials-act_en
https://eur-lex.europa.eu/eli/reg/2023/1542/oj
https://environment.ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en
https://environment.ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en
https://www.eib.org/en/press/all/2020-121-eib-reaffirms-commitment-to-a-european-battery-industry-to-boost-green-recovery
https://www.eib.org/en/press/all/2020-121-eib-reaffirms-commitment-to-a-european-battery-industry-to-boost-green-recovery
https://www.eib.org/en/press/all/2022-308-15-years-of-eib-green-bonds-leading-sustainable-investment-from-niche-to-mainstream
https://www.eib.org/en/press/all/2022-308-15-years-of-eib-green-bonds-leading-sustainable-investment-from-niche-to-mainstream
https://www.dnb.nl/media/jn5jlebg/20220202-pdf-finance-roadmap-digest-en.pdf
https://www.dnb.nl/media/jn5jlebg/20220202-pdf-finance-roadmap-digest-en.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Photovoltaics-Report.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Photovoltaics-Report.pdf
https://circulareconomy.europa.eu/platform/sites/default/files/2023-06/Circular-energy-transition.pdf


Global Impact Investing Network (2017). Annual Impact Investor Survey 2017. https://s3.amazonaws.com/giin-web-
assets/giin/assets/publication/research/giin-annualimpactinvestorsurvey-2017-web-final.pdf.

Goorhuis, M. (2014). Developments in Collection of Municipal Solid Waste. In Handbook of Recycling. Worrell, E. 
and Reuter, M.A. (eds.). Amsterdam: Elsevier. Chapter 26. 405–417. https://doi.org/10.1016/B978-0-12-396459-
5.00026-X.

Grimes, S., Donaldson, J. and Gomez, G. C. (2008). Report on the environmental benefits of recycling. Bureau of 
International Recycling. https://cari-acir.org/wp-content/uploads/2014/08/BIR_CO2_report.pdf.

Grimes, S., Donaldson, J. and Grimes, J. (2016). Report on the environmental benefits of recycling —2016 edition. Bureau 
of International Recycling. https://www.bir.org/images/uploads/publications/BIR-CO2-report-2016-FIN-WEB.pdf.

Halvorsen, B. (2012). Effects of norms and policy incentives on household recycling: An international comparison. 
Resources, Conservation and Recycling 67, 18-26. https://doi.org/10.1016/j.resconrec.2012.06.008.

Henckens, M.L.C.M., Biermann, F.H.B. and Driessen, P.P.J. (2019). Mineral resources governance: A call for the 
establishment of an International Competence Center on Mineral Resources Management. Resources, Conservation 
and Recycling 141, 255-263. https://doi.org/10.1016/j.resconrec.2018.10.033. 

Henckens, M.L.C.M. and Worrell, E. (2020). Reviewing the availability of copper and nickel for future generations. The 
balance between production growth, sustainability and recycling rates. Journal of Cleaner Production 264, 121460. 
https://doi.org/10.1016/j.jclepro.2020.121460.

Hund, K., La Porta, D., Fabregas, T.P., Laing, T. and Drexhage, J. (2020). Minerals for Climate Action: The Mineral 
Intensity of the Clean Energy Transition. Washington, DC: The World Bank Group. http://pubdocs.worldbank.org/
en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf.

International Energy Agency (2021). The Role of Critical Minerals in Clean Energy Transitions. 
Paris. https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/
TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf.

International Energy Agency (2023). Critical Minerals Data Explorer. Paris. https://www.iea.org/data-and-statistics/
data-tools/critical-minerals-data-explorer.

International Solid Waste Association (2015). Circular Economy: Trends and Emerging Ideas. Rotterdam.

Johansson, N., Krook, J. and Eklund, M. (2014). Institutional conditions for Swedish metal production: A comparison 
of subsidies to metal mining and metal recycling. Resources Policy 41, 72-82. https://doi.org/10.1016/j.
resourpol.2014.04.001.

Kakkos, E., Heisel, F., Hebel, D. E. and Hischier, R. (2020). Towards Urban Mining—Estimating the Potential 
Environmental Benefits by Applying an Alternative Construction Practice. A Case Study from Switzerland. 
Sustainability 12(12), 12. https://doi.org/10.3390/su12125041.

Kinnunen, P., Karhu, M., Yli-Rantala, E., Kivikytö-Reponen, P. and Mäkinen, J. (2022). A review of circular 
economy strategies for mine tailings. Cleaner Engineering and Technology 8, 100499. https://doi.org/10.1016/j.
clet.2022.100499.

KPMG (2013). The KPMG Green Tax Index 2013. https://assets.kpmg.com/content/dam/kpmg/pdf/2013/08/kpmg-
green-tax-index-2013.pdf.

Lander, L., Cleaver, T., Rajaeifar, M.A., Nguyen-Tien, V., Elliott, R.J.R., Heidrich, O., et al. (2021). Financial viability of 
electric vehicle lithium-ion battery recycling. iScience 24(7), 102787. https://doi.org/10.1016/j.isci.2021.102787.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

326

https://s3.amazonaws.com/giin-web-assets/giin/assets/publication/research/giin-annualimpactinvestorsurvey-2017-web-final.pdf
https://s3.amazonaws.com/giin-web-assets/giin/assets/publication/research/giin-annualimpactinvestorsurvey-2017-web-final.pdf
https://doi.org/10.1016/B978-0-12-396459-5.00026-X
https://doi.org/10.1016/B978-0-12-396459-5.00026-X
https://cari-acir.org/wp-content/uploads/2014/08/BIR_CO2_report.pdf
https://www.bir.org/images/uploads/publications/BIR-CO2-report-2016-FIN-WEB.pdf
https://doi.org/10.1016/j.resconrec.2012.06.008
https://doi.org/10.1016/j.resconrec.2018.10.033
https://doi.org/10.1016/j.jclepro.2020.121460
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fpubdocs.worldbank.org%2Fen%2F961711588875536384%2FMinerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=M6RyIykOB9XumWcZ%2B8%2FEqglVdDia3OMtj%2FD08GiNSZs%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fpubdocs.worldbank.org%2Fen%2F961711588875536384%2FMinerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=M6RyIykOB9XumWcZ%2B8%2FEqglVdDia3OMtj%2FD08GiNSZs%3D&reserved=0
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-data-explorer
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-data-explorer
https://doi.org/10.1016/j.resourpol.2014.04.001
https://doi.org/10.1016/j.resourpol.2014.04.001
https://doi.org/10.3390/su12125041
https://doi.org/10.1016/j.clet.2022.100499
https://doi.org/10.1016/j.clet.2022.100499
https://assets.kpmg.com/content/dam/kpmg/pdf/2013/08/kpmg-green-tax-index-2013.pdf
https://assets.kpmg.com/content/dam/kpmg/pdf/2013/08/kpmg-green-tax-index-2013.pdf
https://doi.org/10.1016/j.isci.2021.102787


Louwen, A. and van Sark, W. (2020). Photovoltaic solar energy. In Technological Learning in the Transition to a Low-
Carbon Energy System. Junginger, M. and Louwen, A. (eds.). Amsterdam: Elsevier. Chapter 5. 65-86. https://doi.
org/10.1016/B978-0-12-818762-3.00005-4.

Maisel, F., Neef, C., Marscheider-Weidemann, F. and Nissen, N.F. (2023). A forecast on future raw material demand 
and recycling potential of lithium-ion batteries in electric vehicles. Resources, Conservation and Recycling 192, 
106920. https://doi.org/10.1016/j.resconrec.2023.106920.

Markopoulou, A. and Taut, O. (2023). Urban mining. Scoping resources for circular construction. Architectural 
Intelligence 2(1), 3. https://doi.org/10.1007/s44223-023-00021-4.

McCarthy, A. and Börkey, P. (2018). Mapping support for primary and secondary metal production. Working Paper No. 
135. Paris: OECD Publishing. https://doi.org/10.1787/4eaa61d4-en.

Meng, F., McNeice, J., Zadeh, S.S. and Ghahreman, A. (2021). Review of Lithium Production and Recovery from 
Minerals, Brines, and Lithium-Ion Batteries. Mineral Processing and Extractive Metallurgy Review 42(2), 123-141. 
https://doi.org/10.1080/08827508.2019.1668387.

Moreno-Leiva, S., Haas, J., Junne, T., Valencia, F., Godin, H., Kracht, W., et al. (2020). Renewable energy in copper 
production: A review on systems design and methodological approaches. Journal of Cleaner Production, 246, 
118978. https://doi.org/10.1016/j.jclepro.2019.118978

Nassar, N.T., Graedel, T.E. and Harper, E.M. (2015). By-product metals are technologically essential but have 
problematic supply. Science Advances 1(3), e1400180. https://doi.org/10.1126/sciadv.1400180.

Nguyen-Tien, V., Dai, Q., Harper, G.D.J., Anderson, P.A. and Elliott, R.J.R. (2022). Optimising the geospatial 
configuration of a future lithium ion battery recycling industry in the transition to electric vehicles and a circular 
economy. Applied Energy 321, 119230. https://doi.org/10.1016/j.apenergy.2022.119230.

Novelis. (2023). Novelis’ Second Green Bond Report Demonstrates Commitment to Meeting Sustainability Goals, 21 
April. https://investors.novelis.com/2023-04-21-Novelis-Second-Green-Bond-Report-Demonstrates-Commitment-to-
Meeting-Sustainability-Goals.

Pakenham, B., Ermakova, A. and Mehmanparast, A. (2021). A Review of Life Extension Strategies for Offshore Wind 
Farms Using Techno-Economic Assessments. Energies 14(7), 7. https://doi.org/10.3390/en14071936.

Panasiuk, D., Daigo, I., Hoshino, T., Hayashi, H., Yamasue, E., Tran, D.H., et al. (2022). International comparison of 
impurities mixing and accumulation in steel scrap. Journal of Industrial Ecology 26(3), 1040-1050.

Patil, A.B., Struis, R.P.W.J. and Ludwig, C. (2023). Opportunities in Critical Rare Earth Metal Recycling Value Chains for 
Economic Growth with Sustainable Technological Innovations. Circular Economy and Sustainability 3(2), 1127-1140. 
https://doi.org/10.1007/s43615-022-00204-7.

Prestin, A. and Pearce, K.E. (2010). We care a lot: Formative research for a social marketing campaign to promote 
school-based recycling. Resources, Conservation and Recycling 54(11), 1017-1026. https://doi.org/10.1016/j.
resconrec.2010.02.009.

Raja Santhi, A. and Muthuswamy, P. (2022). Influence of Blockchain Technology in Manufacturing Supply Chain and 
Logistics. Logistics 6(1), 1. https://doi.org/10.3390/logistics6010015.

Reuters. (2019). Rare earths producer Lynas secures better loan terms with Japanese backers, 27 June. https://
www.reuters.com/article/business/rare-earths-producer-lynas-secures-better-loan-terms-with-japanese-backers-
idUSL4N23X5AB/.

Richard, A., van Schaik, A., & Reuter, MA. (2005). A comparison of the modelling of comminution and liberation 
in minerals processing and shredding of passenger vehicles. In M. Schlesinger (Ed.), Proceedings, EDP Congress 
2005 (pp. 1039-1052).

327

REFERENCES

https://doi.org/10.1016/B978-0-12-818762-3.00005-4
https://doi.org/10.1016/B978-0-12-818762-3.00005-4
https://doi.org/10.1016/j.resconrec.2023.106920
https://doi.org/10.1007/s44223-023-00021-4
https://doi.org/10.1787/4eaa61d4-en
https://doi.org/10.1080/08827508.2019.1668387
https://doi.org/10.1126/sciadv.1400180
https://doi.org/10.1016/j.apenergy.2022.119230
https://investors.novelis.com/2023-04-21-Novelis-Second-Green-Bond-Report-Demonstrates-Commitment-to-Meeting-Sustainability-Goals
https://investors.novelis.com/2023-04-21-Novelis-Second-Green-Bond-Report-Demonstrates-Commitment-to-Meeting-Sustainability-Goals
https://doi.org/10.3390/en14071936
https://doi.org/10.1007/s43615-022-00204-7
https://doi.org/10.1016/j.resconrec.2010.02.009
https://doi.org/10.1016/j.resconrec.2010.02.009
https://doi.org/10.3390/logistics6010015
https://www.reuters.com/article/business/rare-earths-producer-lynas-secures-better-loan-terms-with-japanese-backers-idUSL4N23X5AB/
https://www.reuters.com/article/business/rare-earths-producer-lynas-secures-better-loan-terms-with-japanese-backers-idUSL4N23X5AB/
https://www.reuters.com/article/business/rare-earths-producer-lynas-secures-better-loan-terms-with-japanese-backers-idUSL4N23X5AB/


Robertson-Fall, T. (2022). We need to talk about renewables – Part 1: Why renewable energy infrastructure needs to be 
built using a circular economy approach. Ellen MacArthur Foundation. https://www.ellenmacarthurfoundation.org/
we-need-to-talk-about-renewables/part-1.

Ruan, S., Song, Y., Cheng, J. and Zhan, C. (2023). Green Eco-Innovation and Supply of Critical Metals: Evidence from 
China. Sustainability 15(17), 17. https://doi.org/10.3390/su151712730.

Ryu, S. (2020). Petrostates and Territorial Disputes in Venezuela and Saudi Arabia: How Domestic and International 
Pressures Affect Military Actions. Ph.D. dissertation, University of Massachusetts Lowell. https://www.proquest.com/
docview/2441253315/abstract/1478AA9B05A14F71PQ/1.

Sangeeta, Khurana, S. and Kumar, A. (2023). Translational transport of e-waste and implications on human well 
beings and the environment. In Waste Management and Resource Recycling in the Developing World. Singh, P., 
Verma, P., Singh, R., Ahamad, A. and Batalhão, A.C.S. (eds.). Amsterdam: Elsevier. Chapter 6. 125–142. https://doi.
org/10.1016/B978-0-323-90463-6.00033-6.

Scharf, K. (1999). Tax Incentives for Extraction and Recycling of Basic Materials in Canada. Fiscal Studies 20(4), 
451-477.

Schluep, M. (2014). Informal Waste Recycling in Developing Countries. In Handbook of Recycling. Worrell, E. and Reuter, 
M.A. (eds.). Amsterdam: Elsevier. Chapter 29. 439-444. https://doi.org/10.1016/B978-0-12-396459-5.00029-5.

Schöggl, J.-P., Stumpf, L. and Baumgartner, R.J. (2020). The narrative of sustainability and circular economy—A 
longitudinal review of two decades of research. Resources, Conservation and Recycling 163, 105073. https://doi.
org/10.1016/j.resconrec.2020.105073.

Sepúlveda, A., Schluep, M., Renaud, F.G., Streicher, M., Kuehr, R., Hagelüken, C., et al. (2010). A review of the 
environmental fate and effects of hazardous substances released from electrical and electronic equipments during 
recycling: Examples from China and India. Environmental Impact Assessment Review 30(1), 28-41. https://doi.
org/10.1016/j.eiar.2009.04.001.

Simas, M., Rocha Aponte, F. and Wiebe, K.S. (2022). The Future is Circular - Circular Economy and Critical Minerals for 
the Green Transition. SINTEF. https://www.sintef.no/en/publications/publication/2073636/.

Söderholm, P. (2011). Taxing virgin natural resources: Lessons from aggregates taxation in Europe. Resources, 
Conservation and Recycling 55(11), 911-922. https://doi.org/10.1016/j.resconrec.2011.05.011.

Tercero Espinoza, L., Rostek, L., Loibl, A. and Stijepic, D. (2020). The promise and limits of Urban Mining. Fraunhofer 
Institute for Solar Energy Systems. https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccn/2020/
Fraunhofer_ISI_Urban_Mining.pdf.

United Nations, Economic Commission for Europe (2019). Guiding Principles on People-first Public-Private 
Partnerships in support of the United Nations Sustainable Development Goals. ECE/CECI/2019/5. https://unece.org/
DAM/ceci/ppp/Standards/ECE_CECI_2019_05-en.pdf.

United Nations, Economic Commission for Europe (2023a). Mobilizing Financing for the Circular Economy. Circular 
Economy Transition Paper Series. https://unece.org/sites/default/files/2023-04/CIRCULAR-STEP%20Mobilizing%20
Financing-%204.28.2023_0.pdf.

United Nations, Economic Commission for Europe (2023b). UNECE PPP and Infrastructure Evaluation and Rating 
System (PIERS): An Evaluation Methodology for the SDGs. https://unece.org/ppp/em 

United Nations Environment Programme (2011). Recycling Rates of Metals – A Status Report. A Report of the 
Working Group on the Global Metal Flows to the International Resource Panel. Graedel, T.E., Allwood, J., Birat, J.-P., 
Reck, B.K., Sibley, S.F., Sonnemann, G., Buchert, M. and Hagelüken, C. Nairobi, Kenya. https://www.resourcepanel.org/
reports/recycling-rates-metals.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

328

https://www.ellenmacarthurfoundation.org/we-need-to-talk-about-renewables/part-1
https://www.ellenmacarthurfoundation.org/we-need-to-talk-about-renewables/part-1
https://doi.org/10.3390/su151712730
https://www.proquest.com/docview/2441253315/abstract/1478AA9B05A14F71PQ/1
https://www.proquest.com/docview/2441253315/abstract/1478AA9B05A14F71PQ/1
https://doi.org/10.1016/B978-0-323-90463-6.00033-6
https://doi.org/10.1016/B978-0-323-90463-6.00033-6
https://doi.org/10.1016/B978-0-12-396459-5.00029-5
https://doi.org/10.1016/j.resconrec.2020.105073
https://doi.org/10.1016/j.resconrec.2020.105073
https://doi.org/10.1016/j.eiar.2009.04.001
https://doi.org/10.1016/j.eiar.2009.04.001
https://www.sintef.no/en/publications/publication/2073636/
https://doi.org/10.1016/j.resconrec.2011.05.011
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccn/2020/Fraunhofer_ISI_Urban_Mining.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccn/2020/Fraunhofer_ISI_Urban_Mining.pdf
https://unece.org/DAM/ceci/ppp/Standards/ECE_CECI_2019_05-en.pdf
https://unece.org/DAM/ceci/ppp/Standards/ECE_CECI_2019_05-en.pdf
https://unece.org/sites/default/files/2023-04/CIRCULAR-STEP%20Mobilizing%20Financing-%204.28.2023_0.pdf
https://unece.org/sites/default/files/2023-04/CIRCULAR-STEP%20Mobilizing%20Financing-%204.28.2023_0.pdf
https://unece.org/ppp/em
https://www.resourcepanel.org/reports/recycling-rates-metals
https://www.resourcepanel.org/reports/recycling-rates-metals


United Nations Environment Programme (2013). Metal Recycling: Opportunities, Limits, Infrastructure. A Report 
of the Working Group on the Global Metal Flows to the International Resource Panel. Reuter, M.A., Hudson, 
C., van Schaik, A., Heiskanen, K., Meskers, C. and Hagelüken, C. Nairobi, Kenya. https://wedocs.unep.org/
handle/20.500.11822/8423;jsessionid=640E36C26A4568EB24C083EE103E2888.

United Nations Environment Programme (2019). UN report: Time to seize opportunity, tackle challenge of e-waste, 24 
January. http://www.unep.org/news-and-stories/press-release/un-report-time-seize-opportunity-tackle-challenge-e-
waste.

United Nations Environment Programme (2021). Responsible Banking: Towards Real-world Impact – The first biennial 
progress report on implementation of the UN Principles for Responsible Banking. https://www.unepfi.org/wordpress/
wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf.

United Nations Environment Programme (2023). Responsible Banking: Towards Real-world Impact – The second 
biennial progress report on implementation of the UN Principles for Responsible Banking. https://www.unepfi.org/
wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf.

United Nations Environment Programme Finance Initiative (2020). Financing Circularity: Demystifying 
Finance for Circular Economies. https://www.unepfi.org/wordpress/wp-content/uploads/2021/03/UNEPFI_
DemystfyingFinanceCircularity-2020-2.pdf.

United Nations Environment Programme Finance Initiative (2021). Guidance for banks: Guidance on Resource 
Efficiency and Circular Economy Target Setting. https://www.unepfi.org/wordpress/wp-content/uploads/2023/04/
Resource-Efficiency-and-CE-Target-Setting.pdf.

United Nations Environment Programme Finance Initiative (2023a). Guidance for banks: Guidance on Resource 
Efficiency and Circular Economy Target Setting. Second Edition. https://www.unepfi.org/wordpress/wp-content/
uploads/2023/04/Resource-Efficiency-and-CE-Target-Setting.pdf.

United Nations Environment Programme Finance Initiative. (2023b). Responsible Banking: Towards Real-world 
Impact (p. 73) [The second biennial progress report on implementation of the UN Principles for Responsible Banking]. 
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf

United States Department of Energy (2007). Mining Industry Energy Bandwidth Study. Washington, DC. https://www.
energy.gov/sites/prod/files/2013/11/f4/mining_bandwidth.pdf.

United States Department of Energy (2022). Battery and Critical Mineral Recycling. https://www.energy.gov/mesc/
battery-and-critical-mineral-recycling.

van Beukering, P., Kuik, O. and Oosterhuis, F. (2014). The Economics of Recycling. In Handbook of Recycling. Worrell, 
E. and Reuter, M.A. (eds.). Amsterdam: Elsevier. Chapter 31. 479-489. https://doi.org/10.1016/B978-0-12-396459-
5.00031-3.

van Schaik, A. and Reuter, M.A. (2014). Material-Centric (Aluminum and Copper) and Product-Centric (Cars, WEEE, 
TV, Lamps, Batteries, Catalysts) Recycling and DfR Rules. In E. Worrell & M. A. Reuter (Eds.), Handbook of Recycling. 
Worrell, E. and Reuter, M.A. (eds.). Amsterdam: Elsevier. Chapter 22. 307-378. https://doi.org/10.1016/B978-0-12-
396459-5.00022-2.

Wang, L. and Chen, M. (2013). End-of-Life Vehicle Dismantling and Recycling Enterprises: Developing Directions in 
China. JOM 65(8), 1015–1020. https://doi.org/10.1007/s11837-013-0670-8.

Winslow, K.M., Laux, S.J. and Townsend, T.G. (2018). A review on the growing concern and potential management 
strategies of waste lithium-ion batteries. Resources, Conservation and Recycling 129, 263-277. https://doi.
org/10.1016/j.resconrec.2017.11.001.

329

REFERENCES

https://wedocs.unep.org/handle/20.500.11822/8423;jsessionid=640E36C26A4568EB24C083EE103E2888
https://wedocs.unep.org/handle/20.500.11822/8423;jsessionid=640E36C26A4568EB24C083EE103E2888
http://www.unep.org/news-and-stories/press-release/un-report-time-seize-opportunity-tackle-challenge-e-waste
http://www.unep.org/news-and-stories/press-release/un-report-time-seize-opportunity-tackle-challenge-e-waste
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2021/03/UNEPFI_DemystfyingFinanceCircularity-2020-2.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2021/03/UNEPFI_DemystfyingFinanceCircularity-2020-2.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/04/Resource-Efficiency-and-CE-Target-Setting.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/04/Resource-Efficiency-and-CE-Target-Setting.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/04/Resource-Efficiency-and-CE-Target-Setting.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/04/Resource-Efficiency-and-CE-Target-Setting.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf
https://www.energy.gov/sites/prod/files/2013/11/f4/mining_bandwidth.pdf
https://www.energy.gov/sites/prod/files/2013/11/f4/mining_bandwidth.pdf
https://www.energy.gov/mesc/battery-and-critical-mineral-recycling
https://www.energy.gov/mesc/battery-and-critical-mineral-recycling
https://doi.org/10.1016/B978-0-12-396459-5.00031-3
https://doi.org/10.1016/B978-0-12-396459-5.00031-3
https://doi.org/10.1016/B978-0-12-396459-5.00022-2
https://doi.org/10.1016/B978-0-12-396459-5.00022-2
https://doi.org/10.1007/s11837-013-0670-8
https://doi.org/10.1016/j.resconrec.2017.11.001
https://doi.org/10.1016/j.resconrec.2017.11.001


Worrell, E. (2014). Information Instruments. In Handbook of Recycling. Worrell, E. and Reuter, M.A. (eds.). Amsterdam: 
Elsevier. Chapter 36. 521-525. https://doi.org/10.1016/B978-0-12-396459-5.00036-2.

Yu, Z., Tianshan, M., Rehman, S.A., Sharif, A. and Janjua, L. (2023). Evolutionary game of end-of-life vehicle recycling 
groups under government regulation. Clean Technologies and Environmental Policy 25(5), 1473-1484. https://doi.
org/10.1007/s10098-020-01898-9.

Zhou, F., Lim, M.K., He, Y., Lin, Y. and Chen, S. (2019). End-of-life vehicle (ELV) recycling management: Improving 
performance using an ISM approach. Journal of Cleaner Production 228, 231-243. https://doi.org/10.1016/j.
jclepro.2019.04.182.

Zink, T., Geyer, R. and Startz, R. (2016). A Market-Based Framework for Quantifying Displaced Production from 
Recycling or Reuse. Journal of Industrial Ecology 20(4), 719-729. https://doi.org/10.1111/jiec.12317.

CHAPTER 5

Aboriginal Affairs and Northern Development Canada (2012). Value for Money Audit of the Giant Mine Remediation 
Project. Internal Audit Report, 47 pp. https://www.rcaanc-cirnac.gc.ca/eng/1366814305245/1537466632982 

Achina-Obeng, R. and Aram, S.A. (2022). Informal artisanal and small-scale gold mining (ASGM) in Ghana: Assessing 
environmental impacts, reasons for engagement, and mitigation strategies. Resources Policy 78, 102907.

African Union and United Nations, Economic Commission for Africa (2021). Illicit Financial Flows: Report of the High 
Level Panel on Illicit Financial Flows from Africa. https://au.int/en/documents/20210708/report-high-level-panel-
illicit-financial-flows-africa.

Agricola, G. (1556). De Re Metallica. 1950 edition. https://www.gutenberg.org/files/38015/38015-h/38015-h.htm.

Albertin, G., Yontcheva, B., Devlin, D., Devine, H., Gerard, M., Beer, S., et al. (2021). Tax Avoidance in Sub-Saharan 
Africa’s Mining Sector. International Monetary Fund Departmental Paper No. 2021/022. https://www.imf.org/en/
Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-
Mining-Sector-464850.

Ali, S.H., Giurco D., Arndt N., Nickless E., Brown G., Demetriades A., et al. (2017). Mineral supply for sustainable 
development requires resource governance. Nature 543, 367-372. https://www.nature.com/articles/nature21359.

Ali, S.H., Clifford, M.J., Grice, T.A. and Perrons, R.K. (eds.) (2018). Extracting Innovations: Mining, Energy, and 
Technological Change in the Digital Age. Boca Raton, FL: CRC Press.

Andreoni, M. and Casado, L. (2021). Vale Mining Company to Pay $7 Billion in Compensation for Brazil Dam Collapse, 
4 February. New York Times. https://www.nytimes.com/2021/02/04/world/americas/vale-brazil-dam-collapse-7-
billion-compensation.html.

Arias, M., Nuñez, P., Arias, D., Gumiel, P., Castañón, C., Fuertes-Blanco, J. et al. (2021). 3D Geological Model of the 
Touro Cu Deposit, A World-Class Mafic-Siliciclastic VMS Deposit in the NW of the Iberian Peninsula. Minerals 11(1), 
85. https://doi.org/10.3390/min11010085.

Attwood, J. (2023). Stellantis buys into Argentina copper in race for battery metals, 27 February. Mining.com. https://
www.mining.com/web/stellantis-buys-into-argentina-copper-in-race-for-battery-metals/ Accessed 19 April 2023.

Australasian Institute of Mining and Metallurgy (2014). Monograph 30 – Mineral Resource and Ore Reserve Estimation 
– The AusIMM Guide to Good Practice. Second Edition. Carlton South, Australia.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

330

https://doi.org/10.1016/B978-0-12-396459-5.00036-2
https://doi.org/10.1007/s10098-020-01898-9
https://doi.org/10.1007/s10098-020-01898-9
https://doi.org/10.1016/j.jclepro.2019.04.182
https://doi.org/10.1016/j.jclepro.2019.04.182
https://doi.org/10.1111/jiec.12317
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.rcaanc-cirnac.gc.ca%2Feng%2F1366814305245%2F1537466632982&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Cba26047cbe54414d246d08dcdd3d93a5%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638628503814662090%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=6eYQ3%2BG7lB45a77TKqf14HEYXbjO%2BN7YFKqklLQOyDM%3D&reserved=0
https://au.int/en/documents/20210708/report-high-level-panel-illicit-financial-flows-africa
https://au.int/en/documents/20210708/report-high-level-panel-illicit-financial-flows-africa
https://www.gutenberg.org/files/38015/38015-h/38015-h.htm
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-Mining-Sector-464850
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-Mining-Sector-464850
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2021/09/27/Tax-Avoidance-in-Sub-Saharan-Africas-Mining-Sector-464850
https://www.nature.com/articles/nature21359
https://www.nytimes.com/2021/02/04/world/americas/vale-brazil-dam-collapse-7-billion-compensation.html
https://www.nytimes.com/2021/02/04/world/americas/vale-brazil-dam-collapse-7-billion-compensation.html
https://doi.org/10.3390/min11010085
https://www.mining.com/web/stellantis-buys-into-argentina-copper-in-race-for-battery-metals/
https://www.mining.com/web/stellantis-buys-into-argentina-copper-in-race-for-battery-metals/


Australian Bureau of Statistics (2022). Water Account, Australia. https://www.abs.gov.au/statistics/environment/
environmental-management/water-account-australia/latest-release#data-download.

Australian Institute of Geoscientists, AusIMM Mineral Institute, Minerals Council of Australia (JORC) (2012). The 
JORC Code 2012 Edition. Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore 
Reserves. https://jorc.org/docs/JORC_code_2012.pdf

Australia, Department of Industry, Science and Resources (2016). Preventing acid and metalliferous drainage. 
https://www.industry.gov.au/publications/leading-practice-handbooks-sustainable-mining/preventing-acid-and-
metalliferous-drainage.

Badri, A., Nadeau, S. and Gbodossou, A. (2012). A mining project is a field of risks: a systematic and preliminary 
portrait of mining risks. International Journal of Safety and Security Engineering 2(2), 145-166. https://doi.
org/10.1016/j.jsm.2018.07.005.

Basov, V. (2021). Vulcan Energy inks lithium offtake agreement with Volkswagen, 8 December. Kitco. https://www.
kitco.com/news/2021-12-08/Vulcan-Energy-inks-lithium-offtake-agreement-with-Volkswagen.html.

Benchmark Source (2023). Lithium industry needs over $116 billion to meet automaker and policy targets by 2030, 4 
August. https://source.benchmarkminerals.com/article/lithium-industry-needs-over-116-billion-to-meet-automaker-
and-policy-targets-by-2030.

Bernknopf, R. and Shapiro, C. (2015). Economic Assessment of the Use Value of Geospatial Information. ISPRS 
International Journal of Geo-Information 4(3), 1142-1165. https://doi.org/10.3390/ijgi4031142.

Bobba, S., Carrara, S., Huisman, J. (co-lead), Mathieux, F. and Pavel, C. (co-lead) (2020). Critical materials for strategic 
technologies and sectors in the EU - a foresight study. European Commission, Directorate General Joint Research 
Centre. Luxembourg: Publications Office of the European Union. https://ec.europa.eu/docsroom/documents/42881.

Bonzaier, S. (2020). Life Cycle Assessment of Nickel Products. Nickel Institute.

BHP (2022). Annual Report 2021. https://www.bhp.com/-/media/documents/investors/annual-
reports/2021/210914_bhpannualreport2021.pdf?sc_lang=en.

BP (2022). bp Statistical Review of World Energy June 2022. https://www.bp.com/content/dam/bp/business-sites/
en/global/corporate/xlsx/energy-economics/statistical-review/bp-stats-review-2022-all-data.xlsx. 

Brundtland, G.H. (1987). Our Common Future. Report of the World Commission for Environment and Development. 
Oxford: Oxford University Press. https://sustainabledevelopment.un.org/content/documents/5987our-common-
future.pdf.

Buchanan, D.L. (2016). Metals and Energy Finance. Advanced Textbook on the Evaluation of Mineral and Energy 
Project. London: Imperial College Press. ISBN 978-1-78326-850-4

Bustillo Revuelta, M. (2017). Mineral Resources. From Exploration to Sustainability Assessment. New York, NY: 
Springer.

Canada, Government of the Northwestern Territories, Indian and Northern Affairs Canada (2010). Giant Mine 
Remediation Project Developer’s Assessment Report. www.reviewboard.ca/upload/project_document/EA0809-001_
Giant_DAR_1288220431.PDF.

Canadian Institute of Mining, Metallurgy and Petroleum (2011). National Instrument NI 43-101. Standards of 
Disclosure for Mineral Projects. https://mrmr.cim.org/media/1017/national-instrument-43-101.pdf.

Canadian Institute of Mining, Metallurgy and Petroleum (2014). CIM Definition Standards for Mineral Resources & 
Mineral Reserves. https://mrmr.cim.org/media/1128/cim-definition-standards_2014.pdf.

331

REFERENCES

https://jorc.org/docs/JORC_code_2012.pdf
https://www.industry.gov.au/publications/leading-practice-handbooks-sustainable-mining/preventing-acid-and-metalliferous-drainage
https://www.industry.gov.au/publications/leading-practice-handbooks-sustainable-mining/preventing-acid-and-metalliferous-drainage
https://doi.org/10.1016/j.jsm.2018.07.005
https://doi.org/10.1016/j.jsm.2018.07.005
https://www.kitco.com/news/2021-12-08/Vulcan-Energy-inks-lithium-offtake-agreement-with-Volkswagen.html
https://www.kitco.com/news/2021-12-08/Vulcan-Energy-inks-lithium-offtake-agreement-with-Volkswagen.html
https://source.benchmarkminerals.com/article/lithium-industry-needs-over-116-billion-to-meet-automaker-and-policy-targets-by-2030
https://source.benchmarkminerals.com/article/lithium-industry-needs-over-116-billion-to-meet-automaker-and-policy-targets-by-2030
https://doi.org/10.3390/ijgi4031142
https://ec.europa.eu/docsroom/documents/42881
https://www.bhp.com/-/media/documents/investors/annual-reports/2021/210914_bhpannualreport2021.pdf?sc_lang=en
https://www.bhp.com/-/media/documents/investors/annual-reports/2021/210914_bhpannualreport2021.pdf?sc_lang=en
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/xlsx/energy-economics/statistical-review/bp-stats-review-2022-all-data.xlsx
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/xlsx/energy-economics/statistical-review/bp-stats-review-2022-all-data.xlsx
https://sustainabledevelopment.un.org/content/documents/5987our-common-future.pdf
https://sustainabledevelopment.un.org/content/documents/5987our-common-future.pdf
http://www.reviewboard.ca/upload/project_document/EA0809-001_Giant_DAR_1288220431.PDF
http://www.reviewboard.ca/upload/project_document/EA0809-001_Giant_DAR_1288220431.PDF
https://mrmr.cim.org/media/1017/national-instrument-43-101.pdf
https://mrmr.cim.org/media/1128/cim-definition-standards_2014.pdf


Carvalho, J., Dias, P., Reveaux, C., Inverno, C., Pacheco, N., Matos, J., et al. (2020). A New 3D Geological Model for 
the Neves-Corvo Mine Region, Iberian Pyrite Belt, Portugal. NSG2020 3rd Conference on Geophysics for Mineral 
Exploration and Mining. https://doi.org/10.3997/2214-4609.202020166.

Chile, Chilean Copper Commission (2021a). Recursos hídricos en la minería de cobre - Actualización 2020. Santiago. 
https://www.cochilco.cl:4040/boletin-web/pages/index/index.jsf.

Chile, Chilean Copper Commission (2021b). Anuario de Estadísticas del Cobre y Otros Minerales 2001-2020. Santiago. 
https://www.cochilco.cl:4040/boletin-web/pages/index/index.jsf.

China, Ministry of Natural Resources (2022). China Mineral Resources 2021. Beijing: Geological Publishing House.

Christmann P. (2019). Mining industry - Reference Module in Materials Science and Materials Engineering, in 
Encyclopedia of Renewable and Sustainable Materials, Volume 5, pp. 433-443. Elsevier.  - https://doi.org/10.1016/
B978-0-12-803581-8.11498-5

Christmann, P. (2021). Mineral Resource Governance in the 21st Century and a sustainable European Union. Mineral 
Economics 34(2), 187-208. https://doi.org/10.1007/s13563-021-00265-4.

Cobham, A. and Janský, P. (2018). Global distribution of revenue loss from corporate tax avoidance: re-estimation and 
country results. Journal of International Development 30(2), 206-232. https://doi.org/10.1002/jid.3348.

‌Columbia Center on Sustainable Investment, United Nations Development Programme and World Economic 
Forum (2016). Mapping Mining to the Sustainable Empowered lives. Resilient nations. Development Goals: 
An Atlas. New York, NY: Columbia University. https://scholarship.law.columbia.edu/cgi/viewcontent.
cgi?article=1086&context=sustainable_investment_staffpubs.

Committee for Mineral Reserves International Reporting Standards (2024). International Reporting Template for 
the Public Reporting of Exploration Targets, Exploration Results, Mineral Resources and Mineral Reserves. https://
crirsco.com/wp-content/uploads/woocommerce_uploads/2024/06/CRIRSCO_International_Reporting_Template_
June2024_Update_Approved_for_Release_20240627-dl8515.pdf. 

Crown-Indigenous Relations and Northern Affairs Canada (2021). Government of Canada signs apology and 
compensation agreements for Giant Mine with the Yellowknives Dene First Nation, 13 August. Canada.ca. https://
www.canada.ca/en/crown-indigenous-relations-northern-affairs/news/2021/08/government-of-canada-signs-
apology-and-compensation-agreements-for-giant-mine-with-the-yellowknives-dene-first-nation.html. Accessed 22 
September 2014.

Crowson, P. (2003). Astride mining: Issues and policies for the mining industry. London: Mining Journal Books Ltd.

Danielson, L. (2022). MMSD – reflections on gaps remaining. Responsible Mining Foundation. https://www.
responsibleminingfoundation.org/research/mmsd-reflections/.

Darling, P. (ed.) (2011). SME Mining Engineering Handbook, Third Edition. Englewood, CO: Society for Mining, 
Metallurgy, and Exploration. 

Democratic Republic of the Congo (2022). Budget Citoyen – Loi de finances 2022. https://www.budget.gouv.cd/wp-
content/uploads/budget2022/budget_citoyen/draft_budget_citoyen_2022.pdf.

Desjardins, J. (2015). Bre-X Scandal: A History Timeline, 23 January. Visual Capitalist. https://www.visualcapitalist.
com/bre-x-scandal-history-timeline/.

Duke, J.M. (2010). Government geoscience to support mineral exploration: public policy rationale and impact. 
Toronto: Prospectors and Developers Association of Canada.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

332

https://doi.org/10.3997/2214-4609.202020166
https://www.cochilco.cl:4040/boletin-web/pages/index/index.jsf
https://www.cochilco.cl:4040/boletin-web/pages/index/index.jsf
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2FB978-0-12-803581-8.11498-5&data=05%7C02%7Cainhoa.carpintero%40un.org%7C645590c2a5884040549608dcf91bc887%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638659144959600872%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=05Bo0HpGTzpixpYKnMhHekOI5pHw1TNKkDKhjCRJklc%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1016%2FB978-0-12-803581-8.11498-5&data=05%7C02%7Cainhoa.carpintero%40un.org%7C645590c2a5884040549608dcf91bc887%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638659144959600872%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=05Bo0HpGTzpixpYKnMhHekOI5pHw1TNKkDKhjCRJklc%3D&reserved=0
https://doi.org/10.1007/s13563-021-00265-4
https://doi.org/10.1002/jid.3348
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs
https://crirsco.com/wp-content/uploads/woocommerce_uploads/2024/06/CRIRSCO_International_Reporting_Template_June2024_Update_Approved_for_Release_20240627-dl8515.pdf
https://crirsco.com/wp-content/uploads/woocommerce_uploads/2024/06/CRIRSCO_International_Reporting_Template_June2024_Update_Approved_for_Release_20240627-dl8515.pdf
https://crirsco.com/wp-content/uploads/woocommerce_uploads/2024/06/CRIRSCO_International_Reporting_Template_June2024_Update_Approved_for_Release_20240627-dl8515.pdf
https://www.canada.ca/en/crown-indigenous-relations-northern-affairs/news/2021/08/government-of-canada-signs-apology-and-compensation-agreements-for-giant-mine-with-the-yellowknives-dene-first-nation.html
https://www.canada.ca/en/crown-indigenous-relations-northern-affairs/news/2021/08/government-of-canada-signs-apology-and-compensation-agreements-for-giant-mine-with-the-yellowknives-dene-first-nation.html
https://www.canada.ca/en/crown-indigenous-relations-northern-affairs/news/2021/08/government-of-canada-signs-apology-and-compensation-agreements-for-giant-mine-with-the-yellowknives-dene-first-nation.html
https://www.responsibleminingfoundation.org/research/mmsd-reflections/
https://www.responsibleminingfoundation.org/research/mmsd-reflections/
https://www.budget.gouv.cd/wp-content/uploads/budget2022/budget_citoyen/draft_budget_citoyen_2022.pdf
https://www.budget.gouv.cd/wp-content/uploads/budget2022/budget_citoyen/draft_budget_citoyen_2022.pdf
https://www.visualcapitalist.com/bre-x-scandal-history-timeline/
https://www.visualcapitalist.com/bre-x-scandal-history-timeline/


Dussud, M., Kudar, G., Lounsbury, P., Pikul, P., Rossi F. (2019). Optimizing mining feasibility studies: The $100 billion 
opportunity. Online articlr. McKinsey & Company. https://www.mckinsey.com/industries/metals-and-mining/our-
insights/optimizing-mining-feasibility-studies-the-100-billion-opportunity

Eco-Efficiency Consulting and Engineering (2023). Study supporting the elaboration of best risk management 
approaches in the extractive sector. Study Contract No. 070201/2019/818015/ETU/ENV.B.3. 

Els, F. (2023). CHART: Demand is soaring, but global mining is not expanding, 30 March. Mining.com. https://www.
mining.com/chart-demand-is-soaring-but-global-mining-is-not-expanding/. Accessed 19 April 2023.

Elshkaki, A. and Shen, L. (2019). Energy-material nexus: The impacts of national and international energy scenarios 
on critical metals use in China up to 2050 and their global implications. Energy 180, 903–917. https://doi:10.1016/j.
energy.2019.05.156.

Engineering and Mining Journal (2022). Project survey 2022. 18-24. https://www.e-mj.com/flipbooks/january-2022/.

Energy Transitions Commission (2023). Materials and Resource Requirements for the Energy Transition. The Barriers to 
Clean Electrification Series. https://www.energy-transitions.org/publications/material-and-resource-energy-transition/.

Ericsson, M. and Löf, O. (2019). Mining’s contribution to national economies between 1996 and 2016. Mineral 
Economics 32(2), 223–250. https://link.springer.com/article/10.1007/s13563-019-00191-6#appendices.

European Commission (2013a). Best Available Techniques (BAT) Reference Document for Iron and Steel Production. 
Luxembourg: Publications Office of the European Union. https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/
IS_Adopted_03_2012.pdf. 

European Commission (2013b). Best Available Techniques (BAT) Reference Document for the Production of Cement, 
Lime and Magnesium Oxide. Luxembourg: Publications Office of the European Union. https://eippcb.jrc.ec.europa.eu/
sites/default/files/2019-11/CLM_Published_def_0.pdf.

European Commission (2013c). Best Available Techniques (BAT) Reference Document for the Manufacture of Glass. 
Luxembourg: Publications Office of the European Union. https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/
GLS_Adopted_03_2012_0.pdf.

European Commission (2017). Best Available Techniques (BAT) Reference Document for the Non-Ferrous Metals 
Industries. Luxembourg: Publications Office of the European Union. https://eippcb.jrc.ec.europa.eu/sites/default/
files/2020-01/JRC107041_NFM_bref2017.pdf.

European Commission (2022a). Elaboration of guidelines for best risk management approaches in the extractive 
sector. https://environment.ec.europa.eu/topics/waste-and-recycling/mining-waste/guidelines-best-risk-
management-approaches-extractive-sector_en.

European Commission (2022b). Study supporting the elaboration of guidelines for best risk management approaches 
in the extractive sector - Technical Specifications. https://environment.ec.europa.eu/document/download/4fb73ad2-
013f-42de-b8db-4621515c7079_en?filename=Technical%20specifications_0.pdf.

European Commission (2023). Proposal for a regulation of the European Parliament and of the Council establishing 
a framework for ensuring a secure and sustainable supply of critical raw materials and amending Regulations (EU) 
168/2013, (EU) 2018/858, 2018/1724 and (EU) 2019/1020. https://single-market-economy.ec.europa.eu/document/
download/a54c7d84-9bf6-41eb-a60e-fe70c86888dc_en?filename=COM_2023_160_1_EN_ACT_part1_v7.pdf.

European Technology Platform on Sustainable Mineral Resources (ETP-SMR). (2015). ETP SMR Strategic Research and 
Innovation Agenda - Report, 40 p. - http://www.etpsmr.org/wp-content/uploads/2015/02/ETP-SMR-Agenda-A4-HD.pdf

EY (2022a). Top 10 business risks and opportunities for mining and metals in 2023. https://assets.ey.com/content/
dam/ey-sites/ey-com/en_gl/topics/mining-metals/mining-metals-pdfs/ey-top-10-business-risks-and-opportunities-
for-mining-and-metals-in-2023.pdf.

333

REFERENCES

https://www.mckinsey.com/industries/metals-and-mining/our-insights/optimizing-mining-feasibility-studies-the-100-billion-opportunity
https://www.mckinsey.com/industries/metals-and-mining/our-insights/optimizing-mining-feasibility-studies-the-100-billion-opportunity
https://www.mining.com/chart-demand-is-soaring-but-global-mining-is-not-expanding/
https://www.mining.com/chart-demand-is-soaring-but-global-mining-is-not-expanding/
https://doi:10.1016/j.energy.2019.05.156
https://doi:10.1016/j.energy.2019.05.156
https://www.e-mj.com/flipbooks/january-2022/
https://www.energy-transitions.org/publications/material-and-resource-energy-transition/
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/IS_Adopted_03_2012.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/IS_Adopted_03_2012.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/CLM_Published_def_0.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/CLM_Published_def_0.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/GLS_Adopted_03_2012_0.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/GLS_Adopted_03_2012_0.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2020-01/JRC107041_NFM_bref2017.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2020-01/JRC107041_NFM_bref2017.pdf
https://environment.ec.europa.eu/topics/waste-and-recycling/mining-waste/guidelines-best-risk-management-approaches-extractive-sector_en
https://environment.ec.europa.eu/topics/waste-and-recycling/mining-waste/guidelines-best-risk-management-approaches-extractive-sector_en
https://environment.ec.europa.eu/document/download/4fb73ad2-013f-42de-b8db-4621515c7079_en?filename=Technical%20specifications_0.pdf
https://environment.ec.europa.eu/document/download/4fb73ad2-013f-42de-b8db-4621515c7079_en?filename=Technical%20specifications_0.pdf
https://single-market-economy.ec.europa.eu/document/download/a54c7d84-9bf6-41eb-a60e-fe70c86888dc_en?filename=COM_2023_160_1_EN_ACT_part1_v7.pdf
https://single-market-economy.ec.europa.eu/document/download/a54c7d84-9bf6-41eb-a60e-fe70c86888dc_en?filename=COM_2023_160_1_EN_ACT_part1_v7.pdf
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.etpsmr.org%2Fwp-content%2Fuploads%2F2015%2F02%2FETP-SMR-Agenda-A4-HD.pdf&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Cba26047cbe54414d246d08dcdd3d93a5%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638628503814515678%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=4Ehzvhc4yt2YD3YXm%2FMmX36MQdY%2BOyW9alquZU36nJM%3D&reserved=0
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/mining-metals/mining-metals-pdfs/ey-top-10-business-risks-and-opportunities-for-mining-and-metals-in-2023.pdf
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/mining-metals/mining-metals-pdfs/ey-top-10-business-risks-and-opportunities-for-mining-and-metals-in-2023.pdf
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/mining-metals/mining-metals-pdfs/ey-top-10-business-risks-and-opportunities-for-mining-and-metals-in-2023.pdf


EY (2022b). How better project management can boost mining’s capital productivity. https://www.ey.com/en_gl/
insights/energy-resources/how-better-project-management-can-boost-minings-capital-productivity.

Fedorov, E. (2021). Sustainable projects and investments in the metals & mining sector, 13 October. ING. https://
think.ing.com/downloads/pdf/article/sustainable-projects-and-investments-in-the-metals-and-mining-sector.

Forest, D. (2013). JORC vs. NI 43-101: How Much Should Resource Rules Protect Investors? 12 March. Investing 
News Network. https://investingnews.com/daily/resource-investing/jorc-ni-43-101-resource-rules-protect-investors-
canada-barkerville-batero-gold-australasia/.

Franks, D.M., Stringer, M., Torres-Cruz, L.A., Baker, E., Valenta, R., Thygesen, K., et al. (2021). Tailings facility 
disclosures reveal stability risks. Scientific Reports 11(1). https://www.nature.com/articles/s41598-021-84897-0. 
Accessed 28 March 2021.

Geological Survey of Finland (2020). Practical guidelines for application of the UNFC resource code, 16 October. 
https://www.gtk.fi/en/current/practical-guidelines-for-application-of-the-unfc-resource-code/.

Getty, R. and Morrison-Saunders, A. (2020). Evaluating the effectiveness of integrating the environmental impact 
assessment and mine closure planning processes. Environmental Impact Assessment Review 82, 106366-106369. 
https://doi.org/10.1016/j.eiar.2020.106366

Gielen, D. (2021). Critical Materials for the Energy Transition. Technical Paper 5/2021. Abu Dhabi: International 
Renewable Energy Agency. https://www.irena.org/-/media/Irena/Files/Technical-papers/IRENA_Critical_
Materials_2021.pdf.

Global Reporting Initiative (2022a). The global standards for sustainability impacts. https://www.globalreporting.
org/standards.

Global Reporting Initiative (2022b). GRI and ISSB provide update on ongoing collaboration, 22 June. https://www.
globalreporting.org/news/news-center/gri-and-issb-provide-update-on-ongoing-collaboration/.

Gocht, W. R., Zantop, H. and Eggert, R.G. (1988). International Mineral Economics: Mineral Exploration, Mine Valuation, 
Mineral Markets, International Mineral Policies. New York, NY: Springer.

Gonzalez-Alvarez, I., Goncalves, M.A. and Carranza, E.J.M. (2020). Introduction to the Special Issue Challenges for 
mineral exploration in the 21st century: Targeting mineral deposits under cover. Ore Geology Reviews 126. https://doi.
org/10.1016/j.oregeorev.2020.103785.

Gonen, A. (2020). Project Risk Management in Mining. International Journal of Modern Research in Engineering and 
Technology 5(6).

González Morales, L. and Orrell, T. (2018). Data interoperability: A practitioner’s guide to joining up data in the 
development sector. New York, NY: United Nations, Department of Economic and Social Affairs. https://www.
data4sdgs.org/sites/default/files/services_files/Interoperability%20-%20A%20practitioner%E2%80%99s%20
guide%20to%20joining-up%20data%20in%20the%20development%20sector.pdf.

Government of Western Australia, Department of Mines, Industry Regulation and Safety (2020). Statutory Guidelines 
for Mine Closure Plans. Version 4.0. https://www.dmp.wa.gov.au/Documents/Environment/REC-EC-111D.pdf.

Govreau. J. (2022). Project Survey 2022: Mining Industry Embraces Decarbonization Sea Change in 2022 - Capex for 
mining projects continues to grow. Engineering and Mining Journal January, 18-24. https://www.e-mj.com/flipbooks/
january-2022/.

Grandell, L., Lehtilä, A., Kivinen, M., Koljonen, T., Kihlman, S. and Lauri, L.S. (2016). Role of critical metals in the future 
markets of clean energy technologies. Renewable Energy 95, 53-62. https://doi.org/10.1016/j.renene.2016.03.102.

GRID-Arendal (2022). Global Tailings Portal. https://tailing.grida.no/#header.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

334

https://www.ey.com/en_gl/insights/energy-resources/how-better-project-management-can-boost-minings-capital-productivity
https://www.ey.com/en_gl/insights/energy-resources/how-better-project-management-can-boost-minings-capital-productivity
https://think.ing.com/downloads/pdf/article/sustainable-projects-and-investments-in-the-metals-and-mining-sector
https://think.ing.com/downloads/pdf/article/sustainable-projects-and-investments-in-the-metals-and-mining-sector
https://investingnews.com/daily/resource-investing/jorc-ni-43-101-resource-rules-protect-investors-canada-barkerville-batero-gold-australasia/
https://investingnews.com/daily/resource-investing/jorc-ni-43-101-resource-rules-protect-investors-canada-barkerville-batero-gold-australasia/
https://www.nature.com/articles/s41598-021-84897-0
https://www.gtk.fi/en/current/practical-guidelines-for-application-of-the-unfc-resource-code/
https://doi.org/10.1016/j.eiar.2020.106366
https://www.irena.org/-/media/Irena/Files/Technical-papers/IRENA_Critical_Materials_2021.pdf
https://www.irena.org/-/media/Irena/Files/Technical-papers/IRENA_Critical_Materials_2021.pdf
https://www.globalreporting.org/standards
https://www.globalreporting.org/standards
https://www.globalreporting.org/news/news-center/gri-and-issb-provide-update-on-ongoing-collaboration/
https://www.globalreporting.org/news/news-center/gri-and-issb-provide-update-on-ongoing-collaboration/
https://doi.org/10.1016/j.oregeorev.2020.103785
https://doi.org/10.1016/j.oregeorev.2020.103785
https://www.data4sdgs.org/sites/default/files/services_files/Interoperability%20-%20A%20practitioner%E2%80%99s%20guide%20to%20joining-up%20data%20in%20the%20development%20sector.pdf
https://www.data4sdgs.org/sites/default/files/services_files/Interoperability%20-%20A%20practitioner%E2%80%99s%20guide%20to%20joining-up%20data%20in%20the%20development%20sector.pdf
https://www.data4sdgs.org/sites/default/files/services_files/Interoperability%20-%20A%20practitioner%E2%80%99s%20guide%20to%20joining-up%20data%20in%20the%20development%20sector.pdf
https://www.dmp.wa.gov.au/Documents/Environment/REC-EC-111D.pdf
https://www.e-mj.com/flipbooks/january-2022/
https://www.e-mj.com/flipbooks/january-2022/
https://doi.org/10.1016/j.renene.2016.03.102


Guj, P., Martin, S., Maybee, B., Cawood, F., Bocoum, B., Gosai, N., et al. (2017). Transfer Pricing in Mining with a Focus 
on Africa: A Reference Guide for Practitioners. Washington, DC: World Bank. https://openknowledge.worldbank.org/
handle/10986/26036. 

Gupta, A. and Yan, D. (2016). Mineral Processing Design and Operations. An Introduction. Amsterdam: Elsevier.

Gupta, K. (2022). Indonesia’s claim that banning nickel exports spurs downstreaming is questionable, 30 March. 
Australian National University and The Conversation. https://theconversation.com/indonesias-claim-that-banning-
nickel-exports-spurs-downstreaming-is-questionable-180229.

Habib, K., Hansdóttir, S.T. and Habib, H. (2020). Critical metals for electromobility: Global demand scenarios for 
passenger vehicles, 2015–2050. Resources, Conservation and Recycling 154, 104603. https://doi.org/10.1016/j.
resconrec.2019.104603.

Haldar, S.K. (2018). Mineral Exploration Principles and Applications. Second edition. Amsterdam: Elsevier.

Halland, H., Lokanc, M. and Nair, A. (2015). The Extractive Industries Sector: Essentials for Economists, Public Finance 
Professionals, and Policy Makers. Washington, DC: World Bank Group. https://documents1.worldbank.org/curated/
en/551321467999107015/pdf/98960-PUB-Box393181B-PUBLIC-DOI-10-1596-978-1-4648-0492-2-PUBDATE-08-19-
2015-EXTOP-ID-210492.pdf.

Hamadeh, N., Van Rompaey, C., Metreau, E. and Eapen, S.G. (2022). New World Bank country classifications by 
income level: 2022-2023, 1 July. World Bank Blogs. https://blogs.worldbank.org/opendata/new-world-bank-country-
classifications-income-level-2022-2023.

Haüpl, M. (2021). Remote progress and process monitoring solutions in mining. Presentation given at the European 
Raw Materials Week 2021. https://ec.europa.eu/docsroom/documents/48665/attachments/1/translations/en/
renditions/native

Heijlen, W., Franceschi, G., Duhayon, C. and Van Nijen, K. (2021). Assessing the adequacy of the global land-
based mine development pipeline in the light of future high-demand scenarios: The case of the battery-metals 
nickel (Ni) and cobalt (Co). Resources Policy 73, 102202. https://www.sciencedirect.com/science/article/pii/
S0301420721002166#appsec1.

Hinde, C. (2020). Relationship between exploration, new mines and equipment sales. Presentation to the PDAC, 2020. 
https://parkerbaymining.com/wp-content/uploads/2020/03/PDAC_2020_Pick_and_Pen_Presentation.pdf 

Hopkins, A. and Kemp, D. (2021). Credibility Crisis: Brumadinho and the Politics of Mining Industry Reform. Alphen aan 
den Rijn, Netherlands: Wolters Kluwer. https://shop.wolterskluwer.com.au/items/10088235-0001S.

Huber I. (2021). Indonesia’s Nickel Industrial Strategy, 21 December. Center for Strategic and International Studies. 
https://www.csis.org/analysis/indonesias-nickel-industrial-strategy.

Hund, K., La Porta, D., Fabregas, T.P., Laing, T. and Drexhage, J. (2020). Minerals for Climate Action: The Mineral 
Intensity of the Clean Energy Transition. Washington, DC: The World Bank Group. http://pubdocs.worldbank.org/
en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf.

Indian Bureau of Mines.  (2022). Guidelines for preparation of Mine Closure Plan. Report, 6 pp. https://ibm.gov.in/
index.php?c=pages&m=index&id=214 

Indorama Ventures (2022). Climate-Related Risk Management Report. https://sustainability.indoramaventures.com/
storage/content/tcfd-report/2022/doc.pdf.

Initiative for Responsible Mining Assurance (2018). IRMA Standard for Responsible Mining IRMA-STD-001. https://
responsiblemining.net/wp-content/uploads/2018/07/IRMA_STANDARD_v.1.0_FINAL_2018-1.pdf.

335

REFERENCES

https://openknowledge.worldbank.org/handle/10986/26036
https://openknowledge.worldbank.org/handle/10986/26036
https://theconversation.com/indonesias-claim-that-banning-nickel-exports-spurs-downstreaming-is-questionable-180229
https://theconversation.com/indonesias-claim-that-banning-nickel-exports-spurs-downstreaming-is-questionable-180229
https://doi.org/10.1016/j.resconrec.2019.104603
https://doi.org/10.1016/j.resconrec.2019.104603
https://documents1.worldbank.org/curated/en/551321467999107015/pdf/98960-PUB-Box393181B-PUBLIC-DOI-10-1596-978-1-4648-0492-2-PUBDATE-08-19-2015-EXTOP-ID-210492.pdf
https://documents1.worldbank.org/curated/en/551321467999107015/pdf/98960-PUB-Box393181B-PUBLIC-DOI-10-1596-978-1-4648-0492-2-PUBDATE-08-19-2015-EXTOP-ID-210492.pdf
https://documents1.worldbank.org/curated/en/551321467999107015/pdf/98960-PUB-Box393181B-PUBLIC-DOI-10-1596-978-1-4648-0492-2-PUBDATE-08-19-2015-EXTOP-ID-210492.pdf
https://blogs.worldbank.org/opendata/new-world-bank-country-classifications-income-level-2022-2023
https://blogs.worldbank.org/opendata/new-world-bank-country-classifications-income-level-2022-2023
https://ec.europa.eu/docsroom/documents/48665/attachments/1/translations/en/renditions/native
https://ec.europa.eu/docsroom/documents/48665/attachments/1/translations/en/renditions/native
https://www.sciencedirect.com/science/article/pii/S0301420721002166#appsec1
https://www.sciencedirect.com/science/article/pii/S0301420721002166#appsec1
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fshop.wolterskluwer.com.au%2Fitems%2F10088235-0001S&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C4543c967ca274d0ea0cf08db98f74a14%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638271960081313432%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=%2Ff6wGRwpwYvYEIgqYGUeYY2RHA1Unpe27T81R7IrRmo%3D&reserved=0
https://www.csis.org/analysis/indonesias-nickel-industrial-strategy
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fpubdocs.worldbank.org%2Fen%2F961711588875536384%2FMinerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=M6RyIykOB9XumWcZ%2B8%2FEqglVdDia3OMtj%2FD08GiNSZs%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fpubdocs.worldbank.org%2Fen%2F961711588875536384%2FMinerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf&data=05%7C01%7Cp.ekins%40ucl.ac.uk%7C23787115e84a4102fe6408db3da66b70%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638171558098146634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=M6RyIykOB9XumWcZ%2B8%2FEqglVdDia3OMtj%2FD08GiNSZs%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fibm.gov.in%2Findex.php%3Fc%3Dpages%26m%3Dindex%26id%3D214&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Cba26047cbe54414d246d08dcdd3d93a5%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638628503814645064%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=kADZmsMXmEgu57P4gPhGuKHOXdVTn6qh%2BH6YH4QzOAY%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fibm.gov.in%2Findex.php%3Fc%3Dpages%26m%3Dindex%26id%3D214&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Cba26047cbe54414d246d08dcdd3d93a5%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638628503814645064%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=kADZmsMXmEgu57P4gPhGuKHOXdVTn6qh%2BH6YH4QzOAY%3D&reserved=0
https://sustainability.indoramaventures.com/storage/content/tcfd-report/2022/doc.pdf
https://sustainability.indoramaventures.com/storage/content/tcfd-report/2022/doc.pdf
https://responsiblemining.net/wp-content/uploads/2018/07/IRMA_STANDARD_v.1.0_FINAL_2018-1.pdf
https://responsiblemining.net/wp-content/uploads/2018/07/IRMA_STANDARD_v.1.0_FINAL_2018-1.pdf


Intergovernmental Forum on Mining, Minerals, Metals and Sustainable Development and Organization for Economic 
Cooperation and Development (2019). Addressing Tax Base Erosion and Profit Shifting in the Mining Industry in 
Developing Countries – Mitigating Financial Risks, Growing Economies. https://www.oecd.org/content/dam/oecd/
en/about/programmes/beps-in-mining/brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-
industry-in-developing-countries.pdf/_jcr_content/renditions/original./brochure-addressing-tax-base-erosion-and-
profit-shifting-in-the-mining-industry-in-developing-countries.pdf.

International Council on Mining and Metals (2016a). Role of Mining in National Economies. Third edition. London 
https://www.icmm.com/website/publications/pdfs/social-performance/2016/research_romine-3.pdf.

International Council on Mining and Metals (2016b). Supporting the Sustainable Development Goals. London. 
https://www.icmm.com/en-gb/our-work/supporting-the-sustainable-development-goals 

International Council on Mining and Metals (2019). Integrated Mine Closure: Good Practice Guide, (2nd edition). 
London. https://www.icmm.com/en-gb/guidance/environmental-stewardship/2019/integrated-mine-closure.

International Council on Mining and Metals, United Nations Environment Programme and Principles for Responsible 
Investment (2020). Global Industry Standard on Tailings Management. https://www.icmm.com/website/publications/
pdfs/environmental-stewardship/2020/global-industry-standard-on-tailings-management.pdf.

International Council on Mining and Metals (2023). Mine closure. https://www.icmm.com/en-gb/our-work/
governance-and-transparency/mine-closure.

International Energy Agency (2021). The Role of Critical Minerals in Clean Energy Transitions. 
Paris. https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/
TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf.

International Energy Agency (2022a). Global Supply Chains of EV Batteries. Paris. https://iea.blob.core.windows.net/
assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf.

International Energy Agency (2022b). Special Report on Solar PV Global Supply Chains. Paris. https://iea.blob.core.
windows.net/assets/4eedd256-b3db-4bc6-b5aa-2711ddfc1f90/SpecialReportonSolarPVGlobalSupplyChains.pdf.

International Energy Agency (2022c). Securing Clean Energy Technology Supply Chains. Paris. https://iea.blob.core.
windows.net/assets/0fe16228-521a-43d9-8da6-bbf08cc9f2b4/SecuringCleanEnergyTechnologySupplyChains.pdf.

International Energy Agency (2022d). World Energy Outlook 2022. Paris. https://iea.blob.core.windows.net/assets/
c282400e-00b0-4edf-9a8e-6f2ca6536ec8/WorldEnergyOutlook2022.pdf.

International Financial Reporting Standards Foundation (2021). Constitution. https://www.ifrs.org/content/dam/ifrs/
about-us/legal-and-governance/constitution-docs/ifrs-foundation-constitution-2021.pdf.

International Institute for Sustainable Development (2019). Mining Project Rehabilitation and Closure Guidelines: 
Papua New Guinea. https://www.iisd.org/publications/report/mining-project-rehabilitation-and-closure-guidelines-
papua-new-guinea.

International Network for Acid Prevention (2014). The Global Acid Rock Drainage Guide. http://www.gardguide.com/
index.php?title=Main_Page.

International Renewable Energy Agency (2022). World Energy Transitions Outlook 2022: 1.5°C Pathway. Abu Dhabi. 
https://www.irena.org/publications/2022/Mar/World-Energy-Transitions-Outlook-2022.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

336

https://www.oecd.org/content/dam/oecd/en/about/programmes/beps-in-mining/brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf/_jcr_content/renditions/original./brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf
https://www.oecd.org/content/dam/oecd/en/about/programmes/beps-in-mining/brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf/_jcr_content/renditions/original./brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf
https://www.oecd.org/content/dam/oecd/en/about/programmes/beps-in-mining/brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf/_jcr_content/renditions/original./brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf
https://www.oecd.org/content/dam/oecd/en/about/programmes/beps-in-mining/brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf/_jcr_content/renditions/original./brochure-addressing-tax-base-erosion-and-profit-shifting-in-the-mining-industry-in-developing-countries.pdf
https://www.icmm.com/website/publications/pdfs/social-performance/2016/research_romine-3.pdf
https://www.icmm.com/en-gb/our-work/supporting-the-sustainable-development-goals
https://www.icmm.com/en-gb/guidance/environmental-stewardship/2019/integrated-mine-closure
https://www.icmm.com/website/publications/pdfs/environmental-stewardship/2020/global-industry-standard-on-tailings-management.pdf
https://www.icmm.com/website/publications/pdfs/environmental-stewardship/2020/global-industry-standard-on-tailings-management.pdf
https://www.icmm.com/en-gb/our-work/governance-and-transparency/mine-closure
https://www.icmm.com/en-gb/our-work/governance-and-transparency/mine-closure
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf
https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf
https://iea.blob.core.windows.net/assets/4eedd256-b3db-4bc6-b5aa-2711ddfc1f90/SpecialReportonSolarPVGlobalSupplyChains.pdf
https://iea.blob.core.windows.net/assets/4eedd256-b3db-4bc6-b5aa-2711ddfc1f90/SpecialReportonSolarPVGlobalSupplyChains.pdf
https://iea.blob.core.windows.net/assets/0fe16228-521a-43d9-8da6-bbf08cc9f2b4/SecuringCleanEnergyTechnologySupplyChains.pdf
https://iea.blob.core.windows.net/assets/0fe16228-521a-43d9-8da6-bbf08cc9f2b4/SecuringCleanEnergyTechnologySupplyChains.pdf
https://iea.blob.core.windows.net/assets/c282400e-00b0-4edf-9a8e-6f2ca6536ec8/WorldEnergyOutlook2022.pdf
https://iea.blob.core.windows.net/assets/c282400e-00b0-4edf-9a8e-6f2ca6536ec8/WorldEnergyOutlook2022.pdf
https://www.ifrs.org/content/dam/ifrs/about-us/legal-and-governance/constitution-docs/ifrs-foundation-constitution-2021.pdf
https://www.ifrs.org/content/dam/ifrs/about-us/legal-and-governance/constitution-docs/ifrs-foundation-constitution-2021.pdf
https://www.iisd.org/publications/report/mining-project-rehabilitation-and-closure-guidelines-papua-new-guinea
https://www.iisd.org/publications/report/mining-project-rehabilitation-and-closure-guidelines-papua-new-guinea
http://www.gardguide.com/index.php?title=Main_Page
http://www.gardguide.com/index.php?title=Main_Page
https://www.irena.org/publications/2022/Mar/World-Energy-Transitions-Outlook-2022


International Resource Panel (2020a). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E.T., Pedro, A.M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, P., 
Ali, S., Kumar, S.V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., Clement, 
J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., Lahiri-Dutt, K., 
Mancini, L., Nuss, P., Petersen, I. and Sanders, A.R.D. A Report by the International Resource Panel. United Nations 
Environment Programme, Nairobi. https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century.

International Resource Panel (2020b). Resource Efficiency and Climate Change: Material Efficiency Strategies 
for a Low-Carbon Future. Hertwich, E., Lifset, R., Pauliuk, S., Heeren, N. A report of the International Resource 
Panel. United Nations Environment Programme. Nairobi, Kenya. https://www.resourcepanel.org/file/1966/
download?token=dNgPqfZE.

Ioneer (2022). ioneer Signs Binding Lithium Offtake Agreement with Ford, 21 July. PR Newswire. https://www.
prnewswire.com/news-releases/ioneer-signs-binding-lithium-offtake-agreement-with-ford-301590948.html.

Ivanhoe Mines (2021). Robert Friedland, Ivanhoe Mines, AME BC Keynote. [online video]. 6 January. https://vimeo.
com/497679324, Accessed 19 April 2023.

Jacobs, J.A, Lehr, J.H. and Testa, S.M. (2014). Acid Mine Drainage, Rock Drainage, and Acid Sulfate Soils: Causes, 
Assessment, Prediction, Prevention, and Remediation. Hoboken, NJ: John Wiley & Sons, Inc.

Jain, R.K., Cui, Z. and Domen, J.K. (2015). Environmental Impact of Mining and Mineral Processing. Management, 
Monitoring, and Auditing Strategies. Butterworth-Heinemann/Elsevier.

Jamasmie, C. (2020). LME’s “green aluminum” plans opposed by industry, 3 November. Mining.com. https://www.
mining.com/lmes-green-aluminum-plans-opposed-by-industry/.

Jébrak M. (2012). Innovations in mineral exploration: Targets, methods and organization since the first globalization 
period. Montreal: Université du Québec à Montréal. https://www.uqat.ca/cem/doc/Innovations_mineral_
exploration.pdf.

Joint Ore Reserves Committee of the Australasian Institute of Mining and Metallurgy, Australian Institute of 
Geoscientists and Minerals Council of Australia (2012). The JORC Code 2012 Edition. Australasian Code for Reporting 
of Exploration Results, Mineral Resources and Ore Reserves. https://jorc.org/docs/JORC_code_2012.pdf.

Jones, O., Lilford, E. and Chan, F. (2019). The Business of Mining: Mineral Project Valuation. CRC Press, Taylor & 
Francis and Cutin University, Australia.

Kaufmann, D. and Kraay, A. (2022). Worldwide Governance Indicators. World Bank. https://info.worldbank.org/
governance/wgi/.

Kay, P., Hoatson, D.M., Huleatt, M.B. and Lewis, B.C. (2013). Assessment of Mineral Potential, Geoscience Survey 
Capacity, Risk, and Geological Aid in Africa, Asia, Latin America, and the Pacific. Record 2012/64. Canberra: 
Geoscience Australia. http://www.ga.gov.au/corporate_data/74580/Rec2012_064.pdf.

Kelly, T.D. and Matos, G.R. (2022). Historical Statistics for Mineral and Material Commodities in the United States. 
Data Series 140. Reston, VA: United States Geological Survey. https://www.usgs.gov/centers/national-minerals-
information-center/historical-statistics-mineral-and-material-commodities.

Khelifi, F., Caporale, A.G., Hamed, Y. and Adamo, P. (2021). Bioaccessibility of potentially toxic metals in soil, 
sediments and tailings from a north Africa phosphate-mining area: Insight into human health risk assessment. 
Journal of Environmental Management 279, 111634. https://doi.org/10.1016/j.jenvman.2020.111634.

Lithium Americas (2023). Lithium Americas announces initial closing of $650 million investment from General Motors, 
16 February. https://lithiumamericas.com/investor/laac-separation/archived-news-releases/details/2023/Lithium-
Americas-Announces-Initial-Closing-of-650-Million-Investment-from-General-Motors. Accessed 9 October 2024.

337

REFERENCES

https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/file/1966/download?token=dNgPqfZE
https://www.resourcepanel.org/file/1966/download?token=dNgPqfZE
https://www.prnewswire.com/news-releases/ioneer-signs-binding-lithium-offtake-agreement-with-ford-301590948.html
https://www.prnewswire.com/news-releases/ioneer-signs-binding-lithium-offtake-agreement-with-ford-301590948.html
https://vimeo.com/497679324
https://vimeo.com/497679324
https://www.mining.com/lmes-green-aluminum-plans-opposed-by-industry/
https://www.mining.com/lmes-green-aluminum-plans-opposed-by-industry/
https://www.uqat.ca/cem/doc/Innovations_mineral_exploration.pdf
https://www.uqat.ca/cem/doc/Innovations_mineral_exploration.pdf
https://jorc.org/docs/JORC_code_2012.pdf
https://info.worldbank.org/governance/wgi/
https://info.worldbank.org/governance/wgi/
http://www.ga.gov.au/corporate_data/74580/Rec2012_064.pdf
https://www.usgs.gov/centers/national-minerals-information-center/historical-statistics-mineral-and-material-commodities
https://www.usgs.gov/centers/national-minerals-information-center/historical-statistics-mineral-and-material-commodities
https://doi.org/10.1016/j.jenvman.2020.111634


London Metal Exchange (2022a). LME Rulebook (https://www.lme.com/en/about/regulation/rules/rule-book). 
2024 version: London Metal Exchange Rules and Regulations (https://www.lme.com/-/media/Files/Company/
Market-regulation/Rulebook/Previous-releases/Rulebook-as-of-April-2024.pdf).

London Metal Exchange (LME). (2022b). Hedging. Online article. https://www.lme.com/en/Sustainability-and-
Physical-Markets/Physical-market-benefits/Hedging.

Macháček, J. (2019). Typology of Environmental Impacts of Artisanal and Small-Scale Mining in African Great Lakes 
Region. Sustainability 11(11), 3027. https://doi.org/10.3390/su11113027.

Mackenzie,W. and Cusworth, N. (2007). The Use and Abuse of Feasibility Studies. Project Evaluation Conference. 
Melbourne, 19-20 June 2007. http://enthalpy.com.au/wp-content/uploads/2013/09/The-Use-and-Abuse-of-
Feasibility-Studies-Enthalpy.pdf.

Mackenzie, W. and Cusworth, N. (2016). The Use and Abuse of Feasibility Studies – Has Anything Changed? 2016 
Project Evaluation Conference. Australasian Institute of Mining and Metallurgy.

Mackenzie, W.R. and Cusworth, N. (2021). The Use and Abuse of Feasibility Studies – Has Anything Changed? 
Australasian Institute of Mining and Metallurgy. https://enthalpy.com.au/wp-content/uploads/2021/08/The-Use-
and-Abuse-of-Feasibility-Studies-%E2%80%93-Has-Anything-Changed-Conference-paper.pdf.

Maddison, A. (2001). The World Economy: A Millennial Perspective. Paris: OECD Publishing.

Manalo, P. (2022). IM January 2022 – Fundraisings up 5%, fueled by large jump in lithium financings, 24 January. S&P 
Global Market Intelligence. https://www.spglobal.com/marketintelligence/en/news-insights/research/im-january-
2022-fundraisings-up-5-fueled-by-large-jump-in-lithium-financings.

Maraboutis, P., Poulimenou, N.-I. and Nikolaou, E. (2022). Risk Management: An Essential “Tool” for the Extractive 
Sector. Materials Proceedings 2021 5(1), 119. https://doi.org/10.3390/materproc2021005119.

Marscheider-Weidemann, F., Langkau, S., Baur, S.J., Billaud, M., Deubzer, O., Eberling, E., et al. (2021). Raw materials 
for emerging technologies 2021. Berlin: Deutsche Rohstoffagentur. https://www.deutsche-rohstoffagentur.de/
DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-50-en.pdf?__
blob=publicationFile&v=2.

McCrae, M.A. (2015). Nine rules for exploration success from the world’s best mine finder, 28 October. Mining.com. 
https://www.mining.com/nine-rules-for-exploration-success-from-the-worlds-best-mine-finder/.

Michaux, S. (2021). Assessment of the Extra Capacity Required of Alternative Energy Electrical Power Systems to 
Completely Replace Fossil Fuels. Espoo: Geological Survey of Finland. https://tupa.gtk.fi/raportti/arkisto/42_2021.pdf.

Mining.com (2022). The top 50 biggest mining companies in the world, 2 July. https://www.mining.com/top-50-
biggest-mining-companies/.

Mining, Minerals, and Sustainable Development Project (2002). Breaking New Ground: Mining, Minerals and 
Sustainable Development (MMSD) Final Report. London: Earthscan. http://pubs.iied.org/9084IIED.

Ministère de l’Énergie et des Ressources naturelles (2017). Guidelines for preparing mine closure plans in Québec. 
Report, 78 pp. https://numerique.banq.qc.ca/patrimoine/details/52327/3551571 

Moore, E. (2018). How to simulate an entire operation before production, 16 October. CIM Magazine. Canadian 
Institute of Mining, Metallurgy and Petroleum. https://magazine.cim.org/en/technology/digital-double-en/.

Moreau, V., Dos Reis, P. and Vuille, F. (2019). Enough Metals? Resource Constraints to Supply a Fully Renewable 
Energy System. Resources 8(1), 29. https://www.mdpi.com/2079-9276/8/1/29/htm. 

Moss, R.L., Tzimas, E., Kara, H., Willis, P. and Kooroshy, J. (2013). The potential risks from metals bottlenecks to the 
deployment of Strategic Energy Technologies. Energy Policy 55, 556–564. https://doi.org/10.1016/j.enpol.2012.12.053.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

338

https://www.lme.com/en/about/regulation/rules/rule-book
https://www.lme.com/-/media/Files/Company/Market-regulation/Rulebook/Previous-releases/Rulebook-as-of-April-2024.pdf
https://www.lme.com/-/media/Files/Company/Market-regulation/Rulebook/Previous-releases/Rulebook-as-of-April-2024.pdf
https://www.lme.com/en/Sustainability-and-Physical-Markets/Physical-market-benefits/Hedging
https://www.lme.com/en/Sustainability-and-Physical-Markets/Physical-market-benefits/Hedging
https://doi.org/10.3390/su11113027
http://enthalpy.com.au/wp-content/uploads/2013/09/The-Use-and-Abuse-of-Feasibility-Studies-Enthalpy.pdf
http://enthalpy.com.au/wp-content/uploads/2013/09/The-Use-and-Abuse-of-Feasibility-Studies-Enthalpy.pdf
https://enthalpy.com.au/wp-content/uploads/2021/08/The-Use-and-Abuse-of-Feasibility-Studies-%E2%80%93-Has-Anything-Changed-Conference-paper.pdf
https://enthalpy.com.au/wp-content/uploads/2021/08/The-Use-and-Abuse-of-Feasibility-Studies-%E2%80%93-Has-Anything-Changed-Conference-paper.pdf
https://www.spglobal.com/marketintelligence/en/news-insights/research/im-january-2022-fundraisings-up-5-fueled-by-large-jump-in-lithium-financings
https://www.spglobal.com/marketintelligence/en/news-insights/research/im-january-2022-fundraisings-up-5-fueled-by-large-jump-in-lithium-financings
https://doi.org/10.3390/materproc2021005119
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-50-en.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-50-en.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-50-en.pdf?__blob=publicationFile&v=2
https://www.mining.com/nine-rules-for-exploration-success-from-the-worlds-best-mine-finder/
https://tupa.gtk.fi/raportti/arkisto/42_2021.pdf
https://www.mining.com/top-50-biggest-mining-companies/
https://www.mining.com/top-50-biggest-mining-companies/
http://pubs.iied.org/9084IIED
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnumerique.banq.qc.ca%2Fpatrimoine%2Fdetails%2F52327%2F3551571&data=05%7C02%7Cp.ekins%40ucl.ac.uk%7Cba26047cbe54414d246d08dcdd3d93a5%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638628503814627502%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=670w2X7d42cZKuCgwNrDiuYnB2Y3ml%2BMtKwyGAec%2BRM%3D&reserved=0
https://magazine.cim.org/en/technology/digital-double-en/
https://www.mdpi.com/2079-9276/8/1/29/htm
https://doi.org/10.1016/j.enpol.2012.12.053


Nangoy, F. (2022). Indonesia tells tin industry to be prepared for an export ban, 19 October. Reuters. https://www.
reuters.com/article/indonesia-tin-idUSKBN2RE0BT. 

NATIXIS (2023). The New Geography of Taxonomies: A Global Standard-setting Race. Paris. https://gsh.cib.natixis.
com/our-center-of-expertise/articles/update-of-our-study-the-new-geography-of-taxonomies.

Natural Resources Canada (2013). Exploration and Mining Guide for Aboriginal Communities. Ottawa. https://
publications.gc.ca/site/eng/9.696853/publication.html.

Nicholls, C.C. (1999). The Bre-X hoax: a south-east Asian bubble. The Canadian Business Law Journal, 32(2).

Northey, S.A. and Haque, N. (2013). Life cycle based water footprint of selected metal production 
Assessing production processes of copper, gold and nickel. CSIRO. https://publications.csiro.au/rpr/
download?pid=csiro:EP137374&dsid=DS3.

Northey, S., Mohr, S., Mudd, G., Weng, Z., Giurco, D. (2014). Modelling future copper ore grade decline based on a 
detailed assessment of copper resources and mining. Resources, Conservation and Recycling 83, 190-201. http://
dx.doi.org/10.1016/j.resconrec.2013.10.005.

Organization for Economic Cooperation and Development (2019). Global Material Resources Outlook 
to 2060: Economic Drivers and Environmental Consequences. Paris: OECD Publishing. https://doi.
org/10.1787/9789264307452-en.

Okada, K. (2022). Breakthrough technologies for mineral exploration. Mineral Economics 35(3), 429-454. https://doi.
org/10.1007/s13563-022-00317-3. 

Open Geospatial Consortium (2021). Bylaws of Open Geospatial Consortium. https://portal.ogc.org/files/6947.

Otto, J.M. (1995). National geological surveys - Policies and practice. Resources Policy 21(1) 27-35. https://doi.
org/10.1016/0301-4207(95)92249-Q.

Ovalle, A. (2020) Analysis of the discount rate for mining projects, in R Castro, F Báez & K Suzuki (eds), MassMin 
2020: Proceedings of the Eighth International Conference & Exhibition on Mass Mining, University of Chile, Santiago, 
pp. 1048-1064, https://doi.org/10.36487/ACG_repo/2063_76

Paithankar, A. (2011). Hazard Identification and Risk Analysis in Mining Industry. https://www.
semanticscholar.org/paper/Hazard-Identification-and-Risk-Analysis-in-Mining-Paithankar/
da0a7bed5e49ad9568961ea003cae0e31028400d.

Paramitha, D.D. (2022). Indonesia to Gradually Enact Bauxite, Lead, Copper Export Ban, 28 September. Tempo.co. 
https://en.tempo.co/read/1639291/indonesia-to-gradually-enact-bauxite-lead-copper-export-ban.

Park, S.J. and Matunhire, I.I. (2011). Investigation of factors influencing the determination of discount rate in the 
economic evaluation of mineral development projects. Southern African Institute of Mining and Metallurgy 6th 
Southern African Base Metals Conference 2011. www.scielo.org.za/pdf/jsaimm/v111n11/v111n11a09.pdf.

Parshley, J., Van Vlaenderen, H., Faizuldayeva, Z., Nott, A., McIntosh, I. and Fultz, A. (2021). Mine Closure: A Toolbox 
for Governments. Washington, DC: World Bank. https://openknowledge.worldbank.org/handle/10986/35504.

Pfaff, N., Altun, O. and Jia, Y. (2021). Overview and Recommendations for Sustainable Finance Taxonomies. Zurich: 
International Capital Market Association. https://www.icmagroup.org/assets/documents/Sustainable-finance/
ICMA-Overview-and-Recommendations-for-Sustainable-Finance-Taxonomies-May-2021-180521.pdf.

Porter, K.E., Edelstein, K.E., Brininstool, M. and Flanagan, D.M. (2022). Historical Statistics for Mineral and Material 
Commodities in the United States – Copper statistics. Data Series 140. United States Geological Survey. https://www.
usgs.gov/centers/national-minerals-information-center/historical-statistics-mineral-and-material-commodities.

339

REFERENCES

https://www.reuters.com/article/indonesia-tin-idUSKBN2RE0BT
https://www.reuters.com/article/indonesia-tin-idUSKBN2RE0BT
https://gsh.cib.natixis.com/our-center-of-expertise/articles/update-of-our-study-the-new-geography-of-taxonomies
https://gsh.cib.natixis.com/our-center-of-expertise/articles/update-of-our-study-the-new-geography-of-taxonomies
https://publications.gc.ca/site/eng/9.696853/publication.html
https://publications.gc.ca/site/eng/9.696853/publication.html
https://publications.csiro.au/rpr/download?pid=csiro:EP137374&dsid=DS3
https://publications.csiro.au/rpr/download?pid=csiro:EP137374&dsid=DS3
http://dx.doi.org/10.1016/j.resconrec.2013.10.005
http://dx.doi.org/10.1016/j.resconrec.2013.10.005
https://doi.org/10.1787/9789264307452-en
https://doi.org/10.1787/9789264307452-en
https://doi.org/10.1007/s13563-022-00317-3
https://doi.org/10.1007/s13563-022-00317-3
https://portal.ogc.org/files/6947
https://doi.org/10.1016/0301-4207(95)92249-Q
https://doi.org/10.1016/0301-4207(95)92249-Q
https://doi.org/10.36487/ACG_repo/2063_76
https://www.semanticscholar.org/paper/Hazard-Identification-and-Risk-Analysis-in-Mining-Paithankar/da0a7bed5e49ad9568961ea003cae0e31028400d
https://www.semanticscholar.org/paper/Hazard-Identification-and-Risk-Analysis-in-Mining-Paithankar/da0a7bed5e49ad9568961ea003cae0e31028400d
https://www.semanticscholar.org/paper/Hazard-Identification-and-Risk-Analysis-in-Mining-Paithankar/da0a7bed5e49ad9568961ea003cae0e31028400d
https://en.tempo.co/read/1639291/indonesia-to-gradually-enact-bauxite-lead-copper-export-ban
http://www.scielo.org.za/pdf/jsaimm/v111n11/v111n11a09.pdf
https://openknowledge.worldbank.org/handle/10986/35504
https://www.icmagroup.org/assets/documents/Sustainable-finance/ICMA-Overview-and-Recommendations-for-Sustainable-Finance-Taxonomies-May-2021-180521.pdf
https://www.icmagroup.org/assets/documents/Sustainable-finance/ICMA-Overview-and-Recommendations-for-Sustainable-Finance-Taxonomies-May-2021-180521.pdf
https://www.usgs.gov/centers/national-minerals-information-center/historical-statistics-mineral-and-material-commodities
https://www.usgs.gov/centers/national-minerals-information-center/historical-statistics-mineral-and-material-commodities


Pun, G. (2017). Base Erosion and Profit Shifting: How Corporations Use Transfer Pricing to Avoid Taxation. Boston 
College International and Comparative Law Review 40: 287-314. https://lira.bc.edu/work/sc/f0cc25a3-bd9e-40ec-
8de2-2714b6bb2e75.

Queen’s University (2022). Discounted Cash Flow Analysis - Methodology and discount rates. 

Randall, C. (2022). Ford signs lithium supply agreement with Lake Resources, 25 October. Electrive.com. https://www.
electrive.com/2022/04/25/ford-signs-lithium-supply-agreement-with-lake-resources. 

Readhead, A. (2018a). Toolkit for Transfer Pricing Risk Assessment in the African Mining Industry. Bonn: Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH. https://rue.bmz.de/resource/blob/75614/transfer-
pricing-risk-tool.pdf.

Readhead, A. (2018b). Tax incentives in mining: minimising risks to revenue. International Institute for Sustainable 
Development and the Organization for Economic Cooperation and Development.

Reedman, A.J., Calow, R.C. and Mortimer, C. (1998). Geological surveys in developing countries: strategies for 
assistance: project summary report. Report No. WC/96/020. London: Department for International Development.
https://www.gov.uk/research-for-development-outputs/geological-surveys-in-developing-countries-strategies-for-
assistance-project-summary-report-report-no-wc-96-020.

Reichl, C. and Schatz, M. (2022). World Mining Data 2022. Vienna: Federal Ministry for Agriculture, Regions and 
Tourism of Austria. https://www.world-mining-data.info/wmd/downloads/PDF/WMD2022.pdf.

Responsible Mining Foundation (2022a). Closing the gaps ... and accelerating progress on responsible mining. https://
www.responsibleminingfoundation.org/app/uploads/RMF_Closing_The_Gaps.pdf.

Responsible Mining Foundation (2022b). RMF to close in 2022: passing on the baton for responsible mining, 6 April. 
https://www.responsibleminingfoundation.org/app/uploads/RMF_Announcement_6April2022_EN.pdf.

Responsible Mining Foundation (2022c). RMI Report 2022 – Summary. https://2022.responsibleminingindex.org/
resources/RMI_Report_2022-Summary_EN.pdf.

Reuters (2021a). Vulcan Energy in 2nd deal with Renault to supply lithium from German project, 21 November. 
https://www.reuters.com/markets/asia/australias-vulcan-energy-inks-second-lithium-supply-deal-with-
renault-2021-11-21/. 

Reuters (2021b). Rio Tinto’s sacred Indigenous caves blast scandal, 3 March. https://www.reuters.com/article/us-
australia-mining-indigenous-idUSKCN2AV0OU.

Reuters (2023a). Stellantis, Vulcan Energy to develop renewable energy assets in Germany, 17 January. https://
www.reuters.com/business/autos-transportation/vulcan-energy-stellantis-develop-renewable-energy-assets-
germany-2023-01-16/. Accessed 19 April 2023.

Reuters (2023b). Ford in $4.5 billion deal for EV battery materials plant, 30 March. https://www.reuters.com/article/
technology/ford-in-4-5-billion-deal-for-ev-battery-materials-plant-idUSNIKBN2VW0HR/. Accessed 19 April 2023.

Rudenno, V. (2012). The Mining Valuation Handbook: Mining and Energy Valuation for Investors and Management. 
Fourth edition. John Wiley & Sons, Inc.

S&P (2022). Capital I Pro Metals & Mining Database. Subscription-only database. https://www.spglobal.com/
marketintelligence/en/campaigns/metals-mining.

S&P Global Market Intelligence (2022). World Exploration Trends 2022. PDAC Special Edition. https://pages.
marketintelligence.spglobal.com/rs/565-BDO-100/images/World%20Exploration%20Trends%202022.pdf.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

340

https://lira.bc.edu/work/sc/f0cc25a3-bd9e-40ec-8de2-2714b6bb2e75
https://lira.bc.edu/work/sc/f0cc25a3-bd9e-40ec-8de2-2714b6bb2e75
https://www.electrive.com/2022/04/25/ford-signs-lithium-supply-agreement-with-lake-resources
https://www.electrive.com/2022/04/25/ford-signs-lithium-supply-agreement-with-lake-resources
https://rue.bmz.de/resource/blob/75614/transfer-pricing-risk-tool.pdf
https://rue.bmz.de/resource/blob/75614/transfer-pricing-risk-tool.pdf
https://www.gov.uk/research-for-development-outputs/geological-surveys-in-developing-countries-strategies-for-assistance-project-summary-report-report-no-wc-96-020
https://www.gov.uk/research-for-development-outputs/geological-surveys-in-developing-countries-strategies-for-assistance-project-summary-report-report-no-wc-96-020
https://www.world-mining-data.info/wmd/downloads/PDF/WMD2022.pdf
https://www.responsibleminingfoundation.org/app/uploads/RMF_Closing_The_Gaps.pdf
https://www.responsibleminingfoundation.org/app/uploads/RMF_Closing_The_Gaps.pdf
https://www.responsibleminingfoundation.org/app/uploads/RMF_Announcement_6April2022_EN.pdf
https://2022.responsibleminingindex.org/resources/RMI_Report_2022-Summary_EN.pdf
https://2022.responsibleminingindex.org/resources/RMI_Report_2022-Summary_EN.pdf
https://www.reuters.com/markets/asia/australias-vulcan-energy-inks-second-lithium-supply-deal-with-renault-2021-11-21/
https://www.reuters.com/markets/asia/australias-vulcan-energy-inks-second-lithium-supply-deal-with-renault-2021-11-21/
https://www.reuters.com/article/us-australia-mining-indigenous-idUSKCN2AV0OU
https://www.reuters.com/article/us-australia-mining-indigenous-idUSKCN2AV0OU
https://www.reuters.com/business/autos-transportation/vulcan-energy-stellantis-develop-renewable-energy-assets-germany-2023-01-16/
https://www.reuters.com/business/autos-transportation/vulcan-energy-stellantis-develop-renewable-energy-assets-germany-2023-01-16/
https://www.reuters.com/business/autos-transportation/vulcan-energy-stellantis-develop-renewable-energy-assets-germany-2023-01-16/
https://www.reuters.com/article/technology/ford-in-4-5-billion-deal-for-ev-battery-materials-plant-idUSNIKBN2VW0HR/
https://www.reuters.com/article/technology/ford-in-4-5-billion-deal-for-ev-battery-materials-plant-idUSNIKBN2VW0HR/
https://www.spglobal.com/marketintelligence/en/campaigns/metals-mining
https://www.spglobal.com/marketintelligence/en/campaigns/metals-mining
https://pages.marketintelligence.spglobal.com/rs/565-BDO-100/images/World%20Exploration%20Trends%202022.pdf
https://pages.marketintelligence.spglobal.com/rs/565-BDO-100/images/World%20Exploration%20Trends%202022.pdf


Sánchez, F. and Hartlieb, P. (2020). Innovation in the Mining Industry: Technological Trends and a Case Study of the 
Challenges of Disruptive Innovation. Mining, Metallurgy & Exploration 37(5), 1385-1399. https://doi.org/10.1007/
s42461-020-00262-1.

Sandlos, J. and Keeling, A. (2012). Giant Mine: Historical Summary. The Abandoned Mines Project. https://
reviewboard.ca/upload/project_document/EA0809-001_Giant_Mine__History_Summary.PDF.

Santana, C.S., Montalván Olivares, D.M., Silva, V.H.C., Luzardo, F.H.M., Velasco, F.G. and de Jesus, R.M. (2020). 
Assessment of water resources pollution associated with mining activity in a semi-arid region. Journal of 
Environmental Management 273, 111148. https://doi.org/10.1016/j.jenvman.2020.111148.

Schodde, R. (2019). Trends in exploration. International Mining and Resource Conference. Melbourne, 30 October 
2019. http://minexconsulting.com/wp-content/uploads/2019/12/IMARC-Presentation-27-Oct-2019-FINAL.pdf. 

Schodde, R. (2020). Challenges and opportunities for geophysics for making discoveries under cover. Canadian 
Exploration Geophysical Society PDAC Breakfast Meeting. Toronto, 3 March 2020. http://minexconsulting.com/wp-
content/uploads/2020/03/KEGS-Breakfast-talk-3-March-2020c.pdf.

Schodde, R. (2022a). Indonesia’s Discovery Performance. Indonesia’s Explorer-Developer Collegium 2022. https://
minexconsulting.com/wp-content/uploads/2022/08/Indonesias-Discovery-Performance-Schodde-Aug-2022.pdf.

Schodde, R. (2022b). Selected slides, personal communication.

Seeger, M. (2019). Mining Capital: Methods, Best-Practices and Case Studies for Financing Mining Projects. New York, 
NY: Springer.

Silva, L.F.O., Oliveira, M.L.S., Crissien, T.J., Santosh, M., Bolivar, J., Shao, L., et al. (2022). A review on the environmental 
impact of phosphogypsum and potential health impacts through the release of nanoparticles. Chemosphere 286(1), 
131513. https://doi.org/10.1016/j.chemosphere.2021.131513.

Silva Rotta, L.H., Alcântara, E., Park, E., Negri, R.G., Lin, Y.N., Bernardo, N., et al. (2020). The 2019 Brumadinho tailings 
dam collapse: Possible cause and impacts of the worst human and environmental disaster in Brazil. International 
Journal of Applied Earth Observation and Geoinformation 90, 102119. https://doi.org/10.1016/j.jag.2020.102119.

Sirelda, B. (2017). The Ore Deposit 3D Modelling, New Effective Solution in the Optimization of Geological and Mining 
Works. Earth Sciences 6(3), 35. https://doi.org/10.11648/j.earth.20170603.11.

TRAFIGURA (2019). Commodities Demystified - A Guide to Trading and the Global Supply Chain. Second edition. 
https://www.commoditiesdemystified.info/pdf/CommoditiesDemystified-en.pdf#Commodities-Demystified.

TRAFIGURA (2020). Prepayments Demystified. An Addendum to the Commodities Demystified Guide. https://www.
commoditiesdemystified.info/pdf/Prepayments_Demystified_CommoditiesDemystified.pdf.

Tubis, A., Werbińska-Wojciechowska, S. and Wroblewski, A. (2020). Risk Assessment Methods in Mining Industry—A 
Systematic Review. Applied Sciences 10(15), 5172. https://doi.org/10.3390/app10155172.

United Nations (2015). Transforming our world: the 2030 Agenda for Sustainable Development. A/RES/70/1. 21 
October. https://documents.un.org/doc/undoc/gen/n15/291/89/pdf/n1529189.pdf.

United Nations, Department of Economic and Social Affairs, Population Division (2022). World Population Prospects 
2022 – Summary of Results. New York, NY. https://www.un.org/development/desa/pd/sites/www.un.org.
development.desa.pd/files/wpp2022_summary_of_results.pdf.

United Nations, Economic Commission for Africa, Special Initiatives Division, African Minerals Development Center 
(2018). Desktop review of African geological survey organization capacities and gaps. Addis Ababa. https://repository.
uneca.org/handle/10855/24429.

341

REFERENCES

https://doi.org/10.1007/s42461-020-00262-1
https://doi.org/10.1007/s42461-020-00262-1
https://reviewboard.ca/upload/project_document/EA0809-001_Giant_Mine__History_Summary.PDF
https://reviewboard.ca/upload/project_document/EA0809-001_Giant_Mine__History_Summary.PDF
https://doi.org/10.1016/j.jenvman.2020.111148
http://minexconsulting.com/wp-content/uploads/2019/12/IMARC-Presentation-27-Oct-2019-FINAL.pdf
http://minexconsulting.com/wp-content/uploads/2020/03/KEGS-Breakfast-talk-3-March-2020c.pdf
http://minexconsulting.com/wp-content/uploads/2020/03/KEGS-Breakfast-talk-3-March-2020c.pdf
https://minexconsulting.com/wp-content/uploads/2022/08/Indonesias-Discovery-Performance-Schodde-Aug-2022.pdf
https://minexconsulting.com/wp-content/uploads/2022/08/Indonesias-Discovery-Performance-Schodde-Aug-2022.pdf
https://doi.org/10.1016/j.chemosphere.2021.131513
https://doi.org/10.1016/j.jag.2020.102119
https://doi.org/10.11648/j.earth.20170603.11
https://www.commoditiesdemystified.info/pdf/Prepayments_Demystified_CommoditiesDemystified.pdf
https://www.commoditiesdemystified.info/pdf/Prepayments_Demystified_CommoditiesDemystified.pdf
https://doi.org/10.3390/app10155172
https://documents.un.org/doc/undoc/gen/n15/291/89/pdf/n1529189.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://repository.uneca.org/handle/10855/24429
https://repository.uneca.org/handle/10855/24429


United Nations, Economic Commission for Europe (2019). United Nations Framework Classification for Resources 
– Update 2019. ECE Energy Series No. 61. Geneva. https://unece.org/fileadmin/DAM/energy/se/pdfs/UNFC/publ/
UNFC_ES61_Update_2019.pdf.

United Nations, Economic Commission for Europe (2019). Supplementary Specifications for the Application 
of the United Nations Framework Classification for Resources to Minerals. Geneva. https://unece.org/sed/
documents/2021/09/working-documents/supplementary-specifications-application-united-nations-0.

United Nations Environment Programme (2010). Metal Stocks in Society – Scientific Synthesis. A Report of the 
Working Group on the Global Metal Flows to the International Resource Panel. Graedel, T.E. Nairobi, Kenya. https://
resourcepanel.org/reports/metal-stocks-society.

United Nations Environment Programme (2011). Decoupling natural resource use and environmental impacts from 
economic growth, A Report of the Working Group on Decoupling to the International Resource Panel. Fischer-
Kowalski, M., Swilling, M., von Weizsäcker, E.U., Ren, Y., Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., 
Giljum, S., Hennicke, P., Romero Lankao, P., Siriban Manalang, A. and Sewerin, S. Nairobi, Kenya. https://www.
resourcepanel.org/reports/decoupling-natural-resource-use-and-environmental-impacts-economic-growth.

United Nations Environment Programme (2014). Decoupling 2: technologies, opportunities and policy options. A 
Report of the Working Group on Decoupling to the International Resource Panel. von Weizsäcker, E.U., de Larderel, J, 
Hargroves, K., Hudson, C., Smith, M. and Rodrigues, M. Nairobi, Kenya. https://www.resourcepanel.org/sites/default/
files/documents/document/media/-decoupling_2_technologies_opportunities_and_policy_options-2014irp_
decoupling_2_report-1.pdf.

United Nations Environment Programme (2020). Sustainability Reporting in the Mining Sector – Current Status and 
Future Trends. Nairobi, Kenya. https://www.unep.org/resources/report/sustainability-reporting-mining-sector.

United States Department of Energy (2007). Mining Industry Energy Bandwidth Study. Washington, DC. https://www.
energy.gov/sites/prod/files/2013/11/f4/mining_bandwidth.pdf.

United States Geological Survey (2022). Mineral Commodity Summaries 2022. https://doi.org/10.3133/mcs2022.

United States Securities and Exchange Commission (2021). Disclosure Considerations for China-Based Issuers. 
Washington, DC. https://www.sec.gov/rules-regulations/staff-guidance/disclosure-guidance/disclosure-
considerations-china-based-issuers.

United States of America, Nevada Division of Environmental Protection (2022). Preparation requirements and 
guidelines for permanent closure plans and final closure reports. https://ndep.nv.gov/uploads/land-mining-regs-
guidance-docs/20200910_PrepReqmntsGuidelines_FPPC_FCR_ADA2.pdf.

Vidal, O., Goffé, B. and Arndt, N. (2013a). Metals for a low-carbon society. [online] ResearchGate. Available at: https://
www.researchgate.net/publication/258514690_Metals_for_a_low-carbon_society [Accessed 20 Jul. 2021].

Vidal, O., Weihed, P., Hagelüken, C., Bol, D., Christmann, P. and Arndt, N. (2013b). ERA-MIN Research Agenda. https://
www.era-min.eu/sites/default/files/publications/era-min_research_agenda.pdf.

Vignes, A. (2011a). Extractive Metallurgy, vol. 1, Basic Thermodynamics and Kinetics. ISTE Ltd and John Wiley & Sons, Inc.

Vignes, A. (2011b). Extractive Metallurgy, vol. 2, Metallurgical Reaction Processes. ISTE Ltd and John Wiley & Sons, Inc.

Vignes, A. (2011c). Extractive Metallurgy, vol. 3, Processing Operations and Routes. ISTE Ltd and John Wiley & Sons, Inc.

Visual Capitalist (2021). Clearing the Clutter: Mining Research, the NI 43-101, and Due Diligence, 5 March. https://
www.visualcapitalist.com/sp/mining-research-ni-43-101/.

Vouk, V.B., Fugaš, M. and Topolnik, Z. (1950). Environmental Conditions in the Mercury Mine of Idria. British Journal of 
Industrial Medicine 7(4), 168-176. https://www.jstor.org/stable/27720829.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

342

https://unece.org/fileadmin/DAM/energy/se/pdfs/UNFC/publ/UNFC_ES61_Update_2019.pdf
https://unece.org/fileadmin/DAM/energy/se/pdfs/UNFC/publ/UNFC_ES61_Update_2019.pdf
https://unece.org/sed/documents/2021/09/working-documents/supplementary-specifications-application-united-nations-0
https://unece.org/sed/documents/2021/09/working-documents/supplementary-specifications-application-united-nations-0
https://resourcepanel.org/reports/metal-stocks-society
https://resourcepanel.org/reports/metal-stocks-society
https://www.resourcepanel.org/reports/decoupling-natural-resource-use-and-environmental-impacts-economic-growth
https://www.resourcepanel.org/reports/decoupling-natural-resource-use-and-environmental-impacts-economic-growth
https://www.resourcepanel.org/sites/default/files/documents/document/media/-decoupling_2_technologies_opportunities_and_policy_options-2014irp_decoupling_2_report-1.pdf
https://www.resourcepanel.org/sites/default/files/documents/document/media/-decoupling_2_technologies_opportunities_and_policy_options-2014irp_decoupling_2_report-1.pdf
https://www.resourcepanel.org/sites/default/files/documents/document/media/-decoupling_2_technologies_opportunities_and_policy_options-2014irp_decoupling_2_report-1.pdf
https://www.unep.org/resources/report/sustainability-reporting-mining-sector
https://www.energy.gov/sites/prod/files/2013/11/f4/mining_bandwidth.pdf
https://www.energy.gov/sites/prod/files/2013/11/f4/mining_bandwidth.pdf
https://doi.org/10.3133/mcs2022
https://www.sec.gov/rules-regulations/staff-guidance/disclosure-guidance/disclosure-considerations-china-based-issuers
https://www.sec.gov/rules-regulations/staff-guidance/disclosure-guidance/disclosure-considerations-china-based-issuers
https://ndep.nv.gov/uploads/land-mining-regs-guidance-docs/20200910_PrepReqmntsGuidelines_FPPC_FCR_ADA2.pdf
https://ndep.nv.gov/uploads/land-mining-regs-guidance-docs/20200910_PrepReqmntsGuidelines_FPPC_FCR_ADA2.pdf
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.era-min.eu%2Fsites%2Fdefault%2Ffiles%2Fpublications%2Fera-min_research_agenda.pdf&data=05%7C02%7Cainhoa.carpintero%40un.org%7C7f5a8596fcb4407bcedc08dcf2c87475%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638652190486601851%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=CYyDAQ%2BSCnd2%2BJ6M5CZsWZwaO63skNhVe9uOne048bM%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.era-min.eu%2Fsites%2Fdefault%2Ffiles%2Fpublications%2Fera-min_research_agenda.pdf&data=05%7C02%7Cainhoa.carpintero%40un.org%7C7f5a8596fcb4407bcedc08dcf2c87475%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638652190486601851%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=CYyDAQ%2BSCnd2%2BJ6M5CZsWZwaO63skNhVe9uOne048bM%3D&reserved=0
https://www.visualcapitalist.com/sp/mining-research-ni-43-101/
https://www.visualcapitalist.com/sp/mining-research-ni-43-101/
https://www.jstor.org/stable/27720829


Wakabayashi, D. (2022). As China’s Economy Stumbles, Homeowners Boycott Mortgage Payments. New York Times. 
https://www.nytimes.com/2022/08/17/business/china-economy-real-estate-crisis.html.

Wang, J.Q. (2012). Financing the Mining Industry in China. The Chinese Economy 45(3), 76-87. https://www.
tandfonline.com/doi/abs/10.2753/CES1097-1475450305.

Watari, T., McLellan, B., Ogata, S. and Tezuka, T. (2018). Analysis of Potential for Critical Metal Resource Constraints 
in the International Energy Agency’s Long-Term Low-Carbon Energy Scenarios. Minerals 8(4), 156. https://www.mdpi.
com/2075-163X/8/4/156.

Watari, T., Nansai, K. and Nakajima, K. (2020). Review of critical metal dynamics to 2050 for 48 elements. Resources, 
Conservation and Recycling 155, 104669. https://www.sciencedirect.com/science/article/pii/S0921344919305750.

Wellmer, F.W., Dalheimer, M. and Wagner, M. (2008). Economic Evaluations in Exploration. Second edition. New York, 
NY: Springer.

Wellmer, F.W., Dalheimer, M. and Wagner, M. (2011). Economic Evaluations in Exploration. New York, NY: Springer.

Wellmer F.W. and Hagelüken, C. (2015). The Feedback Control Cycle of Mineral Supply, Increase of Raw Material 
Efficiency, and Sustainable Development. Minerals 2015 5(4), 815-836. https://doi.org/10.3390/min5040527.

Wills, B.A. and Finch, J.A. (2016). Wills’ Mineral Processing Technology: An Introduction to the Practical Aspects of Ore 
Treatment and Mineral Recovery. Eighth edition. Amsterdam: Elsevier.

Winchester, S. (2001). The Map that Changed the World. London: HarperCollins.

Wolkersdorfer, C. and Mugova, E. (2022). Effects of Mining on Surface Water. Encyclopedia of Inland Waters 4, 170-
188. https://doi.org/10.1016/B978-0-12-819166-8.00036-0.

Wolkersdorfer, C., Mugova, E., Daga, V.S., Charvet, P. and Vitule, J.R.S. (2022). Effects of Mining on Surface Water—
Case Studies. Encyclopedia of Inland Waters 4, 210-224. https://doi.org/10.1016/B978-0-12-819166-8.00085-2.

World Bank (2019). Solid Waste Management. https://www.worldbank.org/en/topic/urbandevelopment/brief/solid-
waste-management.

World Bank (2021). 2020 State of the Artisanal and Small Scale Mining Sector. Washington, DC. https://
delvedatabase.org/resources/2020-state-of-the-artisanal-and-small-scale-mining-sector 

World Resources Forum and Responsible Mining Foundation (2023). Extractive Commodity Trading Report 2023. 
https://www.responsibleminingfoundation.org/app/uploads/ECTR-2023_WEB_Final.pdf.

Zhang, Y., Li, Q., Zhang, F. and Xie, G. (2017). Estimates of Economic Loss of Materials Caused by Acid Deposition in 
China. Sustainability 2017 9(4), 488. https://doi.org/10.3390/su9040488.

343

REFERENCES

https://www.nytimes.com/2022/08/17/business/china-economy-real-estate-crisis.html
https://www.tandfonline.com/doi/abs/10.2753/CES1097-1475450305
https://www.tandfonline.com/doi/abs/10.2753/CES1097-1475450305
https://www.mdpi.com/2075-163X/8/4/156
https://www.mdpi.com/2075-163X/8/4/156
https://www.sciencedirect.com/science/article/pii/S0921344919305750
https://doi.org/10.3390/min5040527
https://doi.org/10.1016/B978-0-12-819166-8.00036-0
https://doi.org/10.1016/B978-0-12-819166-8.00085-2
https://www.worldbank.org/en/topic/urbandevelopment/brief/solid-waste-management
https://www.worldbank.org/en/topic/urbandevelopment/brief/solid-waste-management
https://delvedatabase.org/resources/2020-state-of-the-artisanal-and-small-scale-mining-sector
https://delvedatabase.org/resources/2020-state-of-the-artisanal-and-small-scale-mining-sector
https://www.responsibleminingfoundation.org/app/uploads/ECTR-2023_WEB_Final.pdf
https://doi.org/10.3390/su9040488


CHAPTER 6

Ali, S.H. (2003). Mining, the Environment, and Indigenous Development Conflicts. Tuscon, AZ: University of Arizona 
Press. http://www.jstor.org/stable/j.ctv1z3hkbj.

Arendt, R., Bach, V. and Finkbeiner, M. (2022). The global environmental costs of mining and processing abiotic raw 
materials and their geographic distribution. Journal of Cleaner Production 361, 132232. https://www.sciencedirect.
com/science/article/pii/S0959652622018376.

Azadi, M., Northey, S.A., Ali, S.H. and Edraki, M. (2020). Transparency on greenhouse gas emissions from mining to 
enable climate change mitigation. Nature Geoscience 13, 100-104. https://doi.org/10.1038/s41561-020-0531-3. 

Batur, M. and Babii, K. (2022). Spatial assessment of air pollution due to mining and industrial activities: a case 
study of Kryvyi Rih, Ukraine. IOP Conference Series: Earth and Environmental Science 970, 012004. https://dx.doi.
org/10.1088/1755-1315/970/1/012004. 

Berg, F., Kölbel, J.F. and Rigobon, R. (2022). Aggregate Confusion: The Divergence of ESG Ratings*. Review of Finance 
26(6), 1315-1344. https://doi.org/10.1093/rof/rfac033. 

Bernknopf, R. and Shapiro, C. (2015). Economic Assessment of the Use Value of Geospatial Information. ISPRS 
International Journal of Geo-Information 4(3), 1142-1165. https://doi.org/10.3390/ijgi4031142.

Bloomberg (2022). The ESG Mirage. https://www.bloomberg.com/graphics/2021-what-is-esg-investing-msci-
ratings-focus-on-corporate-bottom-line/.

Brugger, F. and Engebretsen, R. (2022). Defenders of the status quo: making sense of the international discourse on 
transfer pricing methodologies. Review of International Political Economy 29(1), 307-335. https://doi.org/10.1080/09
692290.2020.1807386.

Cheng, L. and Skousen, J.G. (2017). Comparison of international mine reclamation bonding systems with 
recommendations for China. International Journal of Coal Science & Technology 4, 67-79. https://doi.org/10.1007/
s40789-017-0164-3. 

China International Centre for Economic and Technical Exchanges and United Nations Development Programme 
(2020). Technical Report on SDG Finance Taxonomy (China). https://www.cn.undp.org/content/china/en/home/
library/poverty/technical-report-on-sdg-finance-taxonomy.html.

Climate Bonds Initiative (2021). Climate Bonds Taxonomy. https://www.climatebonds.net/files/files/CBI_Taxonomy_
Jan2021.pdf. 

Columbia Center on Sustainable Investment, United Nations Development Programme and World Economic 
Forum (2016). Mapping Mining to the Sustainable Empowered lives. Resilient nations. Development Goals: 
An Atlas. New York, NY: Columbia University. https://scholarship.law.columbia.edu/cgi/viewcontent.
cgi?article=1086&context=sustainable_investment_staffpubs.

Diehl, P. (2021). Chronology of major tailings dam failures. WISE Uranium Project. http://www.wise-uranium.org/
mdaf.html. 

European Commission (2022). Overview of sustainable finance. https://finance.ec.europa.eu/sustainable-finance/
overview-sustainable-finance_en#expert.

European Financial Reporting Advisory Group (2023). Draft European Sustainability Reporting Standards (ESRS). https://
climate-adapt.eea.europa.eu/en/metadata/publications/draft-european-sustainability-reporting-standards-esrs.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

344

http://www.jstor.org/stable/j.ctv1z3hkbj
https://www.sciencedirect.com/science/article/pii/S0959652622018376
https://www.sciencedirect.com/science/article/pii/S0959652622018376
https://doi.org/10.1038/s41561-020-0531-3
https://dx.doi.org/10.1088/1755-1315/970/1/012004
https://dx.doi.org/10.1088/1755-1315/970/1/012004
https://doi.org/10.1093/rof/rfac033
https://doi.org/10.3390/ijgi4031142
https://www.bloomberg.com/graphics/2021-what-is-esg-investing-msci-ratings-focus-on-corporate-bottom-line/
https://www.bloomberg.com/graphics/2021-what-is-esg-investing-msci-ratings-focus-on-corporate-bottom-line/
https://doi.org/10.1080/09692290.2020.1807386
https://doi.org/10.1080/09692290.2020.1807386
https://doi.org/10.1007/s40789-017-0164-3
https://doi.org/10.1007/s40789-017-0164-3
https://www.cn.undp.org/content/china/en/home/library/poverty/technical-report-on-sdg-finance-taxonomy.html
https://www.cn.undp.org/content/china/en/home/library/poverty/technical-report-on-sdg-finance-taxonomy.html
https://www.climatebonds.net/files/files/CBI_Taxonomy_Jan2021.pdf
https://www.climatebonds.net/files/files/CBI_Taxonomy_Jan2021.pdf
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs
https://scholarship.law.columbia.edu/cgi/viewcontent.cgi?article=1086&context=sustainable_investment_staffpubs
http://www.wise-uranium.org/mdaf.html
http://www.wise-uranium.org/mdaf.html
https://climate-adapt.eea.europa.eu/en/metadata/publications/draft-european-sustainability-reporting-standards-esrs
https://climate-adapt.eea.europa.eu/en/metadata/publications/draft-european-sustainability-reporting-standards-esrs


Energy Transitions Commission (2023). Material and Resource Requirements for the Energy Transition. https://www.
energy-transitions.org/publications/material-and-resource-energy-transition/#download-form. 

European Commission (2023). Sustainable finance package. https://finance.ec.europa.eu/publications/sustainable-
finance-package-2023_en. 

European Union (2014). Directive 2014/95/EU of the European Parliament and of the Council of 22 October 2014 
amending Directive 2013/34/EU as regards disclosure of non-financial and diversity information by certain large 
undertakings and groups. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32014L0095. 

European Union (2021). Guidelines for Mine Closure Activities and Calculation and Periodic Adjustment of Financial 
Guarantees. Luxembourg: Publications Office of the European Union. https://op.europa.eu/en/publication-detail/-/
publication/cdb0af5d-8b8d-11eb-b85c-01aa75ed71a1/language-en.

European Union Technical Expert Group on Sustainable Finance (2019). Technical Report – Taxonomy: Final report 
of the Technical Expert Group on Sustainable Finance. https://finance.ec.europa.eu/system/files/2020-03/200309-
sustainable-finance-teg-final-report-taxonomy_en.pdf. 

Extractives Global Programmatic Support (2017). The Growing Role of Minerals and Metals for a Low Carbon Future. 
Washington, DC: World Bank Group. https://documents1.worldbank.org/curated/en/207371500386458722/
pdf/117581-WP-P159838-PUBLIC-ClimateSmartMiningJuly.pdf. 

EY, 2022, ESG and access to capital: Why insurers must stay focused on ratings, accessible at https://www.ey.com/
en_bg/insurance/esg-and-access-to-capital-why-insurers-must-stay-focused-on-ratings 

EY, 2024, Top 10 risks and opportunities for mining and metals companies in 2025, accessible at https://www.
ey.com/en_gl/insights/energy-resources/risks-opportunities

Fedorov, E., Sustainable projects and investments in the metals & mining sector. 2021, ING. https://think.ing.com/
downloads/pdf/article/sustainable-projects-and-investments-in-the-metals-and-mining-sector.

Franks, D.M., Stringer, M., Torres-Cruz, L.A., Baker, E., Valenta, R., Thygesen, K., et al. (2021). Tailings facility 
disclosures reveal stability risks. Scientific Reports 11, 5353. https://doi.org/10.1038/s41598-021-84897-0. 

French government (2022). «Investir dans la France de 2030 : remise au gouvernement du rapport Varin sur la 
sécurisation de l’approvisionnement en matières premières minérales et ouverture d’un appel à projets dédié», Press 
release, https://www.info.gouv.fr/actualite/investir-dans-la-france-de-2030-remise-au-gouvernement-du-rapport-
varin-sur-la-securisation-de-l

Global Investors for Sustainable Development Alliance (2020). Definition of Sustainable Development Investing. https://
www.gisdalliance.org/sites/default/files/2020-08/SDI%20Definition%20-%20Final%202020%2006%2004.pdf. 

Global Sustainable Development Alliance (2018). 2018 Global sustainable investment review, accessible at http://
www.gsi-alliance.org/wp-content/uploads/2019/03/GSIR_Review2018.3.28.pdf

Gorman, M.R. and Dzombak, D.A. (2018). A review of sustainable mining and resource management: Transitioning 
from the life cycle of the mine to the life cycle of the mineral. Resources, Conservation and Recycling 137, 281-291. 
https://www.sciencedirect.com/science/article/pii/S0921344918302076. 

Govreau, J. (2023). Project development to increase in spite of head winds. Engineering and Mining Journal, January, 
https://www.e-mj.com/features/project-development-to-increase-in-2023-in-spite-of-headwinds/

Group of 20 (2018). Sustainable Finance Synthesis Report. G20 Sustainable Finance Study Group. https://g20sfwg.
org/wp-content/uploads/2021/06/G20_Sustainable_Finance_Synthesis_Report_2018.pdf. 

Hopkins, A. and Kemp, D. (2021). Credibility Crisis: Brumadinho and the Politics of Mining Industry Reform. Alphen aan 
den Rijn, Netherlands: Wolters Kluwer. https://shop.wolterskluwer.com.au/items/10088235-0001S. 

345

REFERENCES

https://www.energy-transitions.org/publications/material-and-resource-energy-transition/#download-form
https://www.energy-transitions.org/publications/material-and-resource-energy-transition/#download-form
https://finance.ec.europa.eu/publications/sustainable-finance-package-2023_en
https://finance.ec.europa.eu/publications/sustainable-finance-package-2023_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32014L0095
https://op.europa.eu/en/publication-detail/-/publication/cdb0af5d-8b8d-11eb-b85c-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/cdb0af5d-8b8d-11eb-b85c-01aa75ed71a1/language-en
https://finance.ec.europa.eu/system/files/2020-03/200309-sustainable-finance-teg-final-report-taxonomy_en.pdf
https://finance.ec.europa.eu/system/files/2020-03/200309-sustainable-finance-teg-final-report-taxonomy_en.pdf
https://documents1.worldbank.org/curated/en/207371500386458722/pdf/117581-WP-P159838-PUBLIC-ClimateSmartMiningJuly.pdf
https://documents1.worldbank.org/curated/en/207371500386458722/pdf/117581-WP-P159838-PUBLIC-ClimateSmartMiningJuly.pdf
https://www.ey.com/en_bg/insurance/esg-and-access-to-capital-why-insurers-must-stay-focused-on-ratings
https://www.ey.com/en_bg/insurance/esg-and-access-to-capital-why-insurers-must-stay-focused-on-ratings
https://www.ey.com/en_gl/insights/energy-resources/risks-opportunities
https://www.ey.com/en_gl/insights/energy-resources/risks-opportunities
https://think.ing.com/downloads/pdf/article/sustainable-projects-and-investments-in-the-metals-and-mining-sector
https://think.ing.com/downloads/pdf/article/sustainable-projects-and-investments-in-the-metals-and-mining-sector
https://doi.org/10.1038/s41598-021-84897-0
https://www.info.gouv.fr/actualite/investir-dans-la-france-de-2030-remise-au-gouvernement-du-rapport-varin-sur-la-securisation-de-l
https://www.info.gouv.fr/actualite/investir-dans-la-france-de-2030-remise-au-gouvernement-du-rapport-varin-sur-la-securisation-de-l
https://www.gisdalliance.org/sites/default/files/2020-08/SDI%20Definition%20-%20Final%202020%2006%2004.pdf
https://www.gisdalliance.org/sites/default/files/2020-08/SDI%20Definition%20-%20Final%202020%2006%2004.pdf
http://www.gsi-alliance.org/wp-content/uploads/2019/03/GSIR_Review2018.3.28.pdf
http://www.gsi-alliance.org/wp-content/uploads/2019/03/GSIR_Review2018.3.28.pdf
https://www.sciencedirect.com/science/article/pii/S0921344918302076
https://www.e-mj.com/features/project-development-to-increase-in-2023-in-spite-of-headwinds/
https://g20sfwg.org/wp-content/uploads/2021/06/G20_Sustainable_Finance_Synthesis_Report_2018.pdf
https://g20sfwg.org/wp-content/uploads/2021/06/G20_Sustainable_Finance_Synthesis_Report_2018.pdf
https://shop.wolterskluwer.com.au/items/10088235-0001S


Intergovernmental Forum on Mining, Minerals, Metals and Sustainable Development (2021). Global Review: Financial 
assurance governance for the post-mining transition. International Institute for Sustainable Development. 
https://www.iisd.org/system/files/2021-09/financial-assurance-governance-for-post-mining-transition.pdf.

International Capital Market Association (2020). Sustainable Finance – High-level definitions. Zurich. https://
www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Sustainable-Finance-High-Level-Definitions-
May-2020-051020.pdf. 

International Capital Market Association (2023). Climate Transition Finance Handbook. Zurich. https://www.
icmagroup.org/sustainable-finance/the-principles-guidelines-and-handbooks/climate-transition-finance-handbook/. 

International Council on Mining and Metals (2019). Financial concepts for mine closure. Zurich. https://www.icmm.
com/en-gb/guidance/environmental-stewardship/2019/financial-concepts-for-mine-closure. 

International Energy Agency (2021). The Role of Critical Minerals in Clean Energy Transitions. 
Paris. https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/
TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf.

International Energy Agency (2022a). Critical Minerals Policy Tracker. https://www.iea.org/data-and-statistics/data-
tools/critical-minerals-policy-tracker. 

International Energy Agency (2022b). Policies database. https://www.iea.org/policies?topic=Critical%20Minerals.

International Energy Agency (2022c). Why is ESG so important to critical mineral supplies, and what can we do about 
it? 9 September. https://www.iea.org/commentaries/why-is-esg-so-important-to-critical-mineral-supplies-and-what-
can-we-do-about-it.

International Energy Agency (2023a). Anticipated investment in mining of critical minerals by region in the Net Zero 
Scenario, 2022-2030. https://www.iea.org/data-and-statistics/charts/anticipated-investment-in-mining-of-critical-
minerals-by-region-in-the-net-zero-scenario-2022-2030. 

International Energy Agency (2023b). Critical Minerals Data Explorer. https://www.iea.org/data-and-statistics/data-
tools/critical-minerals-data-explorer.

International Energy Agency (2023c). Critical Minerals Market Review 2023. https://www.iea.org/reports/critical-
minerals-market-review-2023.

International Finance Corporation (2017). IFC Global Mining. Presentation for clients. Tokyo, July 2017. https://mric.
jogmec.go.jp/wp-content/uploads/2017/07/IFCMiningPresentation-Tokyo-July2017.pdf.

International Finance Corporation (2022a). IFC and Anglo American Partner to Improve Education and Livelihoods in 
South Africa, 9 June. https://pressroom.ifc.org/all/pages/PressDetail.aspx?ID=27021. 

International Finance Corporation (2022b). IFC’s ESMS Diagnostic Tool. https://www.ifcesmsdiagnostic.org/.

International Resource Panel (2020). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E.T., Pedro, A.M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, P., 
Ali, S., Kumar, S.V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., Clement, 
J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., Lahiri-Dutt, K., 
Mancini, L., Nuss, P., Petersen, I. and Sanders, A.R.D. A Report by the International Resource Panel. United Nations 
Environment Programme, Nairobi. https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century.

Kompas, T., Pham, V. H., & Che, T. N. (2018). The effects of climate change on GDP by country and the global 
economic gains from complying with the Paris Climate Accord. Earth’s Future, 6, 1153–1173. 
https://doi.org/10.1029/2018EF000922 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

346

https://www.iisd.org/system/files/2021-09/financial-assurance-governance-for-post-mining-transition.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Sustainable-Finance-High-Level-Definitions-May-2020-051020.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Sustainable-Finance-High-Level-Definitions-May-2020-051020.pdf
https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/Sustainable-Finance-High-Level-Definitions-May-2020-051020.pdf
https://www.icmagroup.org/sustainable-finance/the-principles-guidelines-and-handbooks/climate-transition-finance-handbook/
https://www.icmagroup.org/sustainable-finance/the-principles-guidelines-and-handbooks/climate-transition-finance-handbook/
https://www.icmm.com/en-gb/guidance/environmental-stewardship/2019/financial-concepts-for-mine-closure
https://www.icmm.com/en-gb/guidance/environmental-stewardship/2019/financial-concepts-for-mine-closure
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-policy-tracker
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-policy-tracker
https://www.iea.org/policies?topic=Critical%20Minerals
https://www.iea.org/commentaries/why-is-esg-so-important-to-critical-mineral-supplies-and-what-can-we-do-about-it
https://www.iea.org/commentaries/why-is-esg-so-important-to-critical-mineral-supplies-and-what-can-we-do-about-it
https://www.iea.org/data-and-statistics/charts/anticipated-investment-in-mining-of-critical-minerals-by-region-in-the-net-zero-scenario-2022-2030
https://www.iea.org/data-and-statistics/charts/anticipated-investment-in-mining-of-critical-minerals-by-region-in-the-net-zero-scenario-2022-2030
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-data-explorer
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-data-explorer
https://www.iea.org/reports/critical-minerals-market-review-2023
https://www.iea.org/reports/critical-minerals-market-review-2023
https://mric.jogmec.go.jp/wp-content/uploads/2017/07/IFCMiningPresentation-Tokyo-July2017.pdf
https://mric.jogmec.go.jp/wp-content/uploads/2017/07/IFCMiningPresentation-Tokyo-July2017.pdf
https://pressroom.ifc.org/all/pages/PressDetail.aspx?ID=27021
https://www.ifcesmsdiagnostic.org/
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://doi.org/10.1029/2018EF000922


Kotsantonis, S. and Serafeim, G. (2019). Four Things No One Will Tell You About ESG Data. Journal of Applied 
Corporate Finance 31(2), 50-58. https://onlinelibrary.wiley.com/doi/abs/10.1111/jacf.12346. 

Lange, G.M., Wodon, Q. and Carey K, eds. (2018). The Changing Wealth of Nations 2018: Building a Sustainable Future. 
Washington, DC: World Bank. doi:10.1596/978-1-4648-1046-6. License: Creative Commons Attribution CC BY 3.0 
IGO available at https://documents1.worldbank.org/curated/en/727941517825869310/pdf/123137-Replacement-
PUBLIC.pdf

Laurence, D. (2011). Establishing a sustainable mining operation: an overview. Journal of Cleaner Production 19(2-3), 
278-284. https://www.sciencedirect.com/science/article/pii/S0959652610003471. 

Lee, M.T. and Suh, I. (2022). Understanding the effects of Environment, Social, and Governance conduct on 
financial performance: Arguments for a process and integrated modelling approach. Sustainable Technology and 
Entrepreneurship 1(1), 100004. https://www.sciencedirect.com/science/article/pii/S2773032822000049. 

Madaleno, M. and Vieira, E. (2020). Corporate performance and sustainability: Evidence from listed firms in Portugal 
and Spain. Energy Reports 6(8), 141-147. https://www.sciencedirect.com/science/article/pii/S2352484720315171. 

Migliorelli, M. (2021). What Do We Mean by Sustainable Finance? Assessing Existing Frameworks and Policy Risks. 
Sustainability 13(2), 975. https://www.mdpi.com/2071-1050/13/2/975. 

Milburn, E. (2020). Japanese academics publish “transition taxonomy” for financing greener businesses, 6 October. 
Responsible Investor. https://www.responsible-investor.com/japanese-academics-publish-transition-taxonomy-for-
financing-greener-businesses/.

Morgan Stanley (2021). The New Oil: Investment Implications of the Global Battery Economy. Link to publication 
discontinued, but see https://www.morganstanley.com/content/dam/msdotcom/what-we-do/wealth-management-
images/uit/The-Global-Battery-Economy-Fact-Card.pdf.

Musselli, I. and Bürgi Bonanomi, E. (2022). Countering Commodity Trade Mispricing in Low-Income Countries: A 
Prescriptive Approach. Journal of International Economic Law 25(3), 447-463, https://doi.org/10.1093/jiel/jgac030. 

Natural Capital Finance Alliance and United Nations Environment Programme World Conservation Monitoring Centre 
(2018). Exploring natural capital opportunities, risks and exposure: A practical guide for financial institutions. Geneva, 
Oxford and Cambridge. https://www.unepfi.org/publications/exploring-natural-capital-opportunities-risks-and-
exposure-a-practical-guide-for-financial-institutions/#. 

Organization for Economic Cooperation and Development (2016). OECD Business and Finance Outlook 2016. Paris: 
OECD Publishing. https://doi.org/10.1787/9789264257573-en.

Organization for Economic Cooperation and Development (2017). Mobilising Bond Markets for a Low-Carbon 
Transition. Paris: OECD Publishing. https://doi.org/10.1787/9789264272323-en.

Organization for Economic Cooperation and Development (2021). Global Outlook on Financing for Sustainable 
Development 2021. Paris: OECD Publishing. https://www.oecd-ilibrary.org/development/global-outlook-on-financing-
for-sustainable-development-2021_e3c30a9a-en. 

Owen, J.R. and Kemp, D. (2013). Social licence and mining: A critical perspective. Resources Policy 38(1), 29-35. 
https://www.sciencedirect.com/science/article/pii/S0301420712000529. 

Pavan Kumar, N. (2014). Review on Sustainable Mining Practices. International Research Journal of Earth Sciences 
2(10), 26-29. http://www.isca.in/EARTH_SCI/Archive/v2/i10/4.ISCA-IRJES-2014-030.php. 

Peck, P. and Sinding, K. (2009). Financial assurance and mine closure: Stakeholder expectations and effects 
on operating decisions. Resources Policy 34(4), 227-233. https://www.sciencedirect.com/science/article/pii/
S0301420709000191. 

347

REFERENCES

https://onlinelibrary.wiley.com/doi/abs/10.1111/jacf.12346
https://documents1.worldbank.org/curated/en/727941517825869310/pdf/123137-Replacement-PUBLIC.pdf
https://documents1.worldbank.org/curated/en/727941517825869310/pdf/123137-Replacement-PUBLIC.pdf
https://www.sciencedirect.com/science/article/pii/S0959652610003471
https://www.sciencedirect.com/science/article/pii/S2773032822000049
https://www.sciencedirect.com/science/article/pii/S2352484720315171
https://www.mdpi.com/2071-1050/13/2/975
https://www.responsible-investor.com/japanese-academics-publish-transition-taxonomy-for-financing-greener-businesses/
https://www.responsible-investor.com/japanese-academics-publish-transition-taxonomy-for-financing-greener-businesses/
https://www.morganstanley.com/content/dam/msdotcom/what-we-do/wealth-management-images/uit/The-Global-Battery-Economy-Fact-Card.pdf
https://www.morganstanley.com/content/dam/msdotcom/what-we-do/wealth-management-images/uit/The-Global-Battery-Economy-Fact-Card.pdf
https://doi.org/10.1093/jiel/jgac030
https://www.unepfi.org/publications/exploring-natural-capital-opportunities-risks-and-exposure-a-practical-guide-for-financial-institutions/
https://www.unepfi.org/publications/exploring-natural-capital-opportunities-risks-and-exposure-a-practical-guide-for-financial-institutions/
https://doi.org/10.1787/9789264257573-en
https://doi.org/10.1787/9789264272323-en
https://www.oecd-ilibrary.org/development/global-outlook-on-financing-for-sustainable-development-2021_e3c30a9a-en
https://www.oecd-ilibrary.org/development/global-outlook-on-financing-for-sustainable-development-2021_e3c30a9a-en
https://www.sciencedirect.com/science/article/pii/S0301420712000529
http://www.isca.in/EARTH_SCI/Archive/v2/i10/4.ISCA-IRJES-2014-030.php
https://www.sciencedirect.com/science/article/pii/S0301420709000191
https://www.sciencedirect.com/science/article/pii/S0301420709000191


Pedro, A., Ayuk, E.T., Bodouroglou, C., Milligan, B., Ekins, P. and Oberle, B. (2017). Towards a sustainable development 
licence to operate for the extractive sector. Mineral Economics 30, 153-165. https://doi.org/10.1007/s13563-017-
0108-9. 

Responsible Mining Foundation (2020). RMI Report 2020. https://2020.responsibleminingindex.org/en.

Responsible Mining Foundation (2022). RMI Report 2022. https://2022.responsibleminingindex.org/en. 

Robinson-Tillett, S. (2019). Canada moves ahead on creating green taxonomy for resource-heavy economies, 17 
September. Responsible Investor. https://www.responsible-investor.com/canada-moves-ahead-on-creating-green-
taxonomy-for-resource-heavy-economies/.

Schoenberger, E. (2016). Environmentally sustainable mining: The case of tailings storage facilities. Resources Policy 
49, 119-128. https://www.sciencedirect.com/science/article/pii/S0301420716300782. 

Schumacher, K. (2020). Green investments need global standards and independent scientific review, 24 August. 
Nature.com. https://www.nature.com/articles/d41586-020-02472-5.

Sonter, L.J., Ali, S.H. and Watson, J.E.M. (2018). Mining and biodiversity: key issues and research needs 
in conservation science. Proceedings of the Royal Society of Biological Sciences 285, 20181926. https://
royalsocietypublishing.org/doi/abs/10.1098/rspb.2018.1926. 

Sparkes, R. (2008). Socially Responsible Investment. In Handbook of Finance. Fabozzi, F.J. (ed.). https://doi.
org/10.1002/9780470404324.hof002014. Hoboken, NJ: John Wiley & Sons, Inc.

Stewart, A.G. (2020). Mining is bad for health: a voyage of discovery. Environmental Geochemistry and Health 42, 
1153-1165. https://doi.org/10.1007/s10653-019-00367-7.

Toronto Stock Exchange (2022). Capital Pool Company Program. https://www.tsx.com/en/listings/listing-with-us/
listing-guides/ways-to-list/capital-pool-company-cpc-program.

United Nations, Department of Economic and Social Affairs (2020). Integrated national financing frameworks—a 
framework to build back better. Policy Brief No. 87. https://desapublications.un.org/policy-briefs/undesa-policy-brief-
87-integrated-national-financing-frameworks-framework-build-back.

United Nations Environment Programme (2022). Emissions Gap Report (EGR) 2022: The Closing Window – Climate 
crisis calls for rapid transformation of societies. Nairobi, Kenya. https://www.unep.org/resources/emissions-gap-
report-2022. 

United Nations Environment Programme (2023). Responsible Banking: Towards Real-world Impact – The second 
biennial progress report on implementation of the UN Principles for Responsible Banking. https://www.unepfi.org/
wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf.

United Nations Inter-Agency Task Force on Financing for Development (2019). Financing for Sustainable Development 
Report 2019. New York, NY: United Nations. https://inff.org/resource/financing-for-sustainable-development-
report-2019.

Vanclay, F. and Hanna, P. (2019). Conceptualizing Company Response to Community Protest: Principles to Achieve a 
Social License to Operate. Land 8(6), 101.

Verrier, B., Smith, C., Yahyaei, M., Ziemski, M., Forbes, G., Witt, K., et al. (2022). Beyond the social license to operate: 
Whole system approaches for a socially responsible mining industry. Energy Research & Social Science 83, 102343. 
https://www.sciencedirect.com/science/article/pii/S2214629621004345. 

Wang, Y., Wu, X., He, S. and Niu, R. (2021). Eco-environmental assessment model of the mining area in Gongyi, China. 
Scientific Reports 11, 17549. https://doi.org/10.1038/s41598-021-96625-9.

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

348

https://doi.org/10.1007/s13563-017-0108-9
https://doi.org/10.1007/s13563-017-0108-9
https://2020.responsibleminingindex.org/en
https://2022.responsibleminingindex.org/en
https://www.responsible-investor.com/canada-moves-ahead-on-creating-green-taxonomy-for-resource-heavy-economies/
https://www.responsible-investor.com/canada-moves-ahead-on-creating-green-taxonomy-for-resource-heavy-economies/
https://www.sciencedirect.com/science/article/pii/S0301420716300782
https://www.nature.com/articles/d41586-020-02472-5
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.2018.1926
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.2018.1926
https://doi.org/10.1002/9780470404324.hof002014
https://doi.org/10.1002/9780470404324.hof002014
https://doi.org/10.1007/s10653-019-00367-7
https://www.tsx.com/en/listings/listing-with-us/listing-guides/ways-to-list/capital-pool-company-cpc-program
https://www.tsx.com/en/listings/listing-with-us/listing-guides/ways-to-list/capital-pool-company-cpc-program
https://desapublications.un.org/policy-briefs/undesa-policy-brief-87-integrated-national-financing-frameworks-framework-build-back
https://desapublications.un.org/policy-briefs/undesa-policy-brief-87-integrated-national-financing-frameworks-framework-build-back
https://www.unep.org/resources/emissions-gap-report-2022
https://www.unep.org/resources/emissions-gap-report-2022
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2023/09/PRB-Second-Progress-Report-2023.pdf
https://inff.org/resource/financing-for-sustainable-development-report-2019
https://inff.org/resource/financing-for-sustainable-development-report-2019
https://www.sciencedirect.com/science/article/pii/S2214629621004345
https://doi.org/10.1038/s41598-021-96625-9


Whelan, T. and Fink, C. (2016). The Comprehensive Business Case for Sustainability, 21 October. Harvard Business 
Review. https://hbr.org/2016/10/the-comprehensive-business-case-for-sustainability.

Widyawati, L. (2020). A systematic literature review of socially responsible investment and environmental social 
governance metrics. Business Strategy and the Environment 29(2), 619-637. https://onlinelibrary.wiley.com/doi/
abs/10.1002/bse.2393. 

Worden, S. (2020). Integrated mine closure planning: A rapid scan of innovative corporate practice. Brisbane: Centre for 
Social Responsibility in Mining. https://www.csrm.uq.edu.au/publications/integrated-mine-closure-planning-a-rapid-
scan-of-innovations-in-corporate-practice. 

World Bank (2019). Climate-Smart Mining: Minerals for Climate Action. https://www.worldbank.org/en/topic/
extractiveindustries/brief/climate-smart-mining-minerals-for-climate-action.

World Resources Forum and Responsible Mining Foundation (2023). Extractive Commodity Trading Report 2023. 
https://www.responsibleminingfoundation.org/extractivecommoditytrading/. 

Yan, L., Mirza, N. and Umar, M. (2022). The cryptocurrency uncertainties and investment transitions: Evidence from 
high and low carbon energy funds in China. Technological Forecasting and Social Change 175, 121326. https://www.
sciencedirect.com/science/article/pii/S0040162521007575.

CHAPTER 7

African Center for Economic Transformation (2017). The Impact of Expanding Artisanal and Small-Scale Mining 
on Smallholder Agriculture in West Africa: A Case Study of Burkina Faso, Ghana and Sierra Leone. Accra. https://
acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/the-impact-of-expanding-artisanal-and-
small-scale-mining-on-smallholder-agriculture-in-west-africa-a-case-study-of-burkina-faso-ghana-and-sierra-leone/. 

African Union (2009). Africa Mining Vision. Addis Ababa. https://au.int/sites/default/files/documents/30995-doc-
africa_mining_vision_english_1.pdf.

Alliance for Responsible Mining (2019). Fairmined Standard for Gold and Associated Precious Metals. https://www.
fairmined.org/wp-content/uploads/2019/06/Terms-of-Reference.-Fairmined-revision.pdf

Association of Women in Mining in Africa (2024). Homepage. https://awimaafrica.org/.

Collins, N. and Lawson, L. (2014). Investigating Approaches to Working with Artisanal and Small-scale Miners: 
A Compendium of Strategies and Reports from the Field. International Mining for Development Centre. https://
scholar.google.co.uk/scholar_url?url=https://im4dc.org/wp-content/uploads/2013/09/Collins-FR-1psum-appr.
pdf&hl=en&sa=X&ei=Tw6wZNKpNoekmwH6lL74AQ&scisig=ABFrs3yG_G2_oC4Bxm2ChFH-HHWE&oi=scholarr. 

Da Silva, S.S., Freitas, A.F.D., Freitas, A F.D. and Macedo, A.D.S. (2023). Cooperativism as a solution or as an 
obligation? The formation of cooperatives in small-scale mining in Brazil. Resources Policy 85(A), 104041.  
https://www.sciencedirect.com/science/article/pii/S0301420723007523. 

Djoudi, H., Locatelli, B., Vaast, C., Asher, K., Brockhaus, M. and Basnett Sijapati, B. (2016). Beyond dichotomies: Gender 
and intersecting inequalities in climate change studies. Ambio 45, 248-262. https://doi.org/10.1007/s13280-016-0825-2. 

Dondeyne, S. and Ndunguru, E. (2014). Artisanal gold mining and rural development policies in Mozambique: 
Perspectives for the future. Futures 62(A), 120-127. https://www.sciencedirect.com/science/article/pii/
S0016328714000433. 

349

REFERENCES

https://hbr.org/2016/10/the-comprehensive-business-case-for-sustainability
https://onlinelibrary.wiley.com/doi/abs/10.1002/bse.2393
https://onlinelibrary.wiley.com/doi/abs/10.1002/bse.2393
https://www.csrm.uq.edu.au/publications/integrated-mine-closure-planning-a-rapid-scan-of-innovations-in-corporate-practice
https://www.csrm.uq.edu.au/publications/integrated-mine-closure-planning-a-rapid-scan-of-innovations-in-corporate-practice
https://www.worldbank.org/en/topic/extractiveindustries/brief/climate-smart-mining-minerals-for-climate-action
https://www.worldbank.org/en/topic/extractiveindustries/brief/climate-smart-mining-minerals-for-climate-action
https://www.responsibleminingfoundation.org/extractivecommoditytrading/
https://www.sciencedirect.com/science/article/pii/S0040162521007575
https://www.sciencedirect.com/science/article/pii/S0040162521007575
https://acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/the-impact-of-expanding-artisanal-and-small-scale-mining-on-smallholder-agriculture-in-west-africa-a-case-study-of-burkina-faso-ghana-and-sierra-leone/
https://acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/the-impact-of-expanding-artisanal-and-small-scale-mining-on-smallholder-agriculture-in-west-africa-a-case-study-of-burkina-faso-ghana-and-sierra-leone/
https://acetforafrica.org/research-and-analysis/reports-studies/multi-country-studies/the-impact-of-expanding-artisanal-and-small-scale-mining-on-smallholder-agriculture-in-west-africa-a-case-study-of-burkina-faso-ghana-and-sierra-leone/
https://au.int/sites/default/files/documents/30995-doc-africa_mining_vision_english_1.pdf
https://au.int/sites/default/files/documents/30995-doc-africa_mining_vision_english_1.pdf
https://awimaafrica.org/
https://scholar.google.co.uk/scholar_url?url=https://im4dc.org/wp-content/uploads/2013/09/Collins-FR-1psum-appr.pdf&hl=en&sa=X&ei=Tw6wZNKpNoekmwH6lL74AQ&scisig=ABFrs3yG_G2_oC4Bxm2ChFH-HHWE&oi=scholarr
https://scholar.google.co.uk/scholar_url?url=https://im4dc.org/wp-content/uploads/2013/09/Collins-FR-1psum-appr.pdf&hl=en&sa=X&ei=Tw6wZNKpNoekmwH6lL74AQ&scisig=ABFrs3yG_G2_oC4Bxm2ChFH-HHWE&oi=scholarr
https://scholar.google.co.uk/scholar_url?url=https://im4dc.org/wp-content/uploads/2013/09/Collins-FR-1psum-appr.pdf&hl=en&sa=X&ei=Tw6wZNKpNoekmwH6lL74AQ&scisig=ABFrs3yG_G2_oC4Bxm2ChFH-HHWE&oi=scholarr
https://www.sciencedirect.com/science/article/pii/S0301420723007523
https://doi.org/10.1007/s13280-016-0825-2
https://www.sciencedirect.com/science/article/pii/S0016328714000433
https://www.sciencedirect.com/science/article/pii/S0016328714000433


Dube, N., Moyo, F., Sithole, M., Ncube, G., Nkala, P., Tshuma, N., et al. (2016). Institutional exclusion and the tragedy 
of the commons: Artisanal mining in Matabeleland South Province, Zimbabwe. The Extractive Industries and Society 
3(4), 1084-1094. https://www.sciencedirect.com/science/article/pii/S2214790X16301022. 

Eniowo, O.D., Kilambo, S.R. and Meyer, L D. (2022a). Risk factors limiting access to formal financing: Perceptions 
from artisanal and small-scale mining (ASM) operators in Nigeria. The Extractive Industries and Society 12, 101181. 
https://www.sciencedirect.com/science/article/pii/S2214790X22001526. 

Eniowo, O.D., Meyer, L.D., Kilambo, S.R. and Gerber, L.J. (2022b). Implications of credit constraint on the 
formalization of artisanal and small-scale mining (ASM) in sub-Saharan Africa. Journal of the Southern African 
Institute of Mining and Metallurgy 122(3), 97-106. https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85130999391&doi=10.17159%2f2411-9717%2f1665%2f2022&partnerID=40&md5=54245d5c2fcb5d46b9d413c004
75f7b6. 

Faber, B., Krause, B. and Sánchez De La Sierra, R. (2017). Artisanal Mining, Livelihoods, and Child Labor in the Cobalt 
Supply Chain of the Democratic Republic of Congo. Berkeley, CA: University of California, Berkeley, Center for Effective 
Global Action. https://escholarship.org/uc/item/17m9g4wm. 

Fisher, E., Mwaipopo, R., Mutagwaba, W., Nyange, D. and Yaron, G. (2009). “The ladder that sends us to wealth”: 
Artisanal mining and poverty reduction in Tanzania. Resources Policy 34(1-2), 32-38. https://www.sciencedirect.com/
science/article/pii/S0301420708000718. 

Flores Zavala, G. (2017). Golden practices that defy gloom. International Institute for Environment and Development. 
https://www.iied.org/17435iied.

Franks, D.M. (2020). Reclaiming the neglected minerals of development. The Extractive Industries and Society 7(2), 
453-460. https://www.sciencedirect.com/science/article/pii/S2214790X20300265. 

Franks, D.M., Keenan, J., and Hailu, D. (2022). Mineral Security essential to achieving the Sustainable Development 
Goals. Nature Sustainability 6, pages 21–27 https://doi.org/10.1038/s41893-022-00967-9.

Franks, D.M., Keenan, J. and Hailu, D. (2023). Mineral security essential to achieving the Sustainable Development 
Goals. Nature Sustainability 6, 21-27. https://doi.org/10.1038/s41893-022-00967-9. 

Franks, D.M., Ngonze, C., Pakoun, L. and Hailu, D. (2020). Voices of artisanal and small-scale mining, visions of the 
future: Report from the International Conference on Artisanal and Small-scale Mining and Quarrying. The Extractive 
Industries and Society 7(2), 505-511. https://www.sciencedirect.com/science/article/pii/S2214790X19303910. 

Fulmer, C.A. and Gelfand, M.J. (2012). At What Level (and in Whom) We Trust: Trust Across Multiple Organizational 
Levels. Journal of Management 38(4). https://doi.org/10.1177/0149206312439327.

Getachew, R. (2018). Factors Influencing the performance of artisanal small-scale gold miners: The case of Menge 
Woreda, Benishangul-Gumuz National Regional State. Master’s thesis. See pages 56-59 of World Bank. (2020). 2020 
State of the Artisanal and Small-Scale Mining Sector. Washington, D.C.: World Bank. https://www.delvedatabase.org/
uploads/resources/Delve-2020-State-of-the-Sector-Report-0504.pdf

Hilson, G. (2016). Farming, small-scale mining and rural livelihoods in Sub-Saharan Africa: A critical overview. 
The Extractive Industries and Society 3(2), 547-563. https://www.sciencedirect.com/science/article/pii/
S2214790X16300132. 

Hilson, G. (2020). ‘Formalization bubbles’: A blueprint for sustainable artisanal and small-scale mining (ASM) in 
sub-Saharan Africa. The Extractive Industries and Society 7(4), 1624-1638. https://www.sciencedirect.com/science/
article/pii/S2214790X20302859. 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

350

https://www.sciencedirect.com/science/article/pii/S2214790X16301022
https://www.sciencedirect.com/science/article/pii/S2214790X22001526
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85130999391&doi=10.17159%2f2411-9717%2f1665%2f2022&partnerID=40&md5=54245d5c2fcb5d46b9d413c00475f7b6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85130999391&doi=10.17159%2f2411-9717%2f1665%2f2022&partnerID=40&md5=54245d5c2fcb5d46b9d413c00475f7b6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85130999391&doi=10.17159%2f2411-9717%2f1665%2f2022&partnerID=40&md5=54245d5c2fcb5d46b9d413c00475f7b6
https://escholarship.org/uc/item/17m9g4wm
https://www.sciencedirect.com/science/article/pii/S0301420708000718
https://www.sciencedirect.com/science/article/pii/S0301420708000718
https://www.iied.org/17435iied
https://www.sciencedirect.com/science/article/pii/S2214790X20300265
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41893-022-00967-9&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cf8a2f903cfb94ffd052d08dcf48bab66%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638654127934968489%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=QxGxh7Bk9ikIbtmDgqQT7byYxMv%2BHrLIVxgszM8wTMI%3D&reserved=0
https://doi.org/10.1038/s41893-022-00967-9
https://www.sciencedirect.com/science/article/pii/S2214790X19303910
https://doi.org/10.1177/0149206312439327
https://www.sciencedirect.com/science/article/pii/S2214790X16300132
https://www.sciencedirect.com/science/article/pii/S2214790X16300132
https://www.sciencedirect.com/science/article/pii/S2214790X20302859
https://www.sciencedirect.com/science/article/pii/S2214790X20302859


Hilson, G. and Ackah-Baidoo, A. (2011). Can Microcredit Services Alleviate Hardship in African Small-scale Mining 
Communities? World Development 39(7), 1191-1203. https://www.sciencedirect.com/science/article/pii/
S0305750X10002238. 

Hilson, G., Hilson, A. and Mcquilken, J. (2016). Ethical minerals: Fairer trade for whom? Resources Policy 49, 232-247. 
https://www.sciencedirect.com/science/article/pii/S030142071630099X. 

Hilson, G. and Maconachie, R. (2020). Artisanal and small-scale mining and the Sustainable Development Goals: 
Opportunities and new directions for sub-Saharan Africa. Geoforum 111, 125-141. https://www.sciencedirect.com/
science/article/pii/S0016718519302714. 

Hilson, G. and Mcquilken, J. (2014). Four decades of support for artisanal and small-scale mining in sub-Saharan 
Africa: A critical review. The Extractive Industries and Society 1(1), 104-118. https://www.sciencedirect.com/science/
article/pii/S2214790X14000094. 

Hilson, G., Sauerwein, T. and Owen, J. (2020). Large and artisanal scale mine development: The case for 
autonomous co-existence. World Development 130, 104919. https://www.sciencedirect.com/science/article/pii/
S0305750X20300450. 

Hilson, G., Zolnikov, T.R., Ortiz, D.R. and Kumah, C. (2018). Formalizing artisanal gold mining under the Minamata 
convention: Previewing the challenge in Sub-Saharan Africa. Environmental Science & Policy 85, 123-131. 
https://www.sciencedirect.com/science/article/pii/S1462901118300534. 

Hinton, J. (2005). Communities and Small Scale Mining: An Integrated Review for Development Planning. https://
delvedatabase.org/resources/communities-and-small-scale-mining-an-integrated-review-for-development-planning. 

Hinton, J. (2016). The Gender Dimensions of Tin, Tantalum and Tungsten Mining in the Great Lakes Region. Gender 
Resource Facility. https://www.kit.nl/wp-content/uploads/2019/02/The-Gender-Dimensions-of-3Ts-in-the-GLR-1.pdf. 

Intergovernmental Forum on Mining, Minerals and Sustainable Development (2017). Global Trends in Artisanal and 
Small-Scale Mining (ASM): A review of key numbers and issues. International Institute for Sustainable Development. 
https://www.iisd.org/publications/report/global-trends-artisanal-and-small-scale-mining-asm-review-key-numbers-
and.

Intergovernmental Forum on Mining, Minerals, Metals and Sustainable Development (2018). Women in Artisanal 
and Small-Scale Mining: Challenges and opportunities for greater participation. International Institute for Sustainable 
Development. https://www.iisd.org/system/files/publications/igf-women-asm-challenges-opportunities-
participation.pdf.

International Council on Mining and Metals (2010). Working Together: How Large-scale Mining can Engage with 
Artisanal and Small-scale Miners. https://www.icmm.com/en-gb/guidance/social-performance/2010/artisanal-and-
small-scale-miners

International Labour Organization (2019). Child labour in mining and global supply chains. Geneva. https://www.ilo.
org/manila/publications/WCMS_720743/lang--en/index.htm.

International Resource Panel (2020). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E.T., Pedro, A.M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, P., 
Ali, S., Kumar, S.V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., Clement, 
J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., Lahiri-Dutt, K., 
Mancini, L., Nuss, P., Petersen, I. and Sanders, A.R.D. A Report by the International Resource Panel. United Nations 
Environment Programme, Nairobi. https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century.

Kabeer, N. (2015). Gender, poverty, and inequality: a brief history of feminist contributions in the field of international 
development. Gender & Development 23(2), 189-205. https://doi.org/10.1080/13552074.2015.1062300. 

351

REFERENCES

https://www.sciencedirect.com/science/article/pii/S0305750X10002238
https://www.sciencedirect.com/science/article/pii/S0305750X10002238
https://www.sciencedirect.com/science/article/pii/S030142071630099X
https://www.sciencedirect.com/science/article/pii/S0016718519302714
https://www.sciencedirect.com/science/article/pii/S0016718519302714
https://www.sciencedirect.com/science/article/pii/S2214790X14000094
https://www.sciencedirect.com/science/article/pii/S2214790X14000094
https://www.sciencedirect.com/science/article/pii/S0305750X20300450
https://www.sciencedirect.com/science/article/pii/S0305750X20300450
https://www.sciencedirect.com/science/article/pii/S1462901118300534
https://delvedatabase.org/resources/communities-and-small-scale-mining-an-integrated-review-for-development-planning
https://delvedatabase.org/resources/communities-and-small-scale-mining-an-integrated-review-for-development-planning
https://www.kit.nl/wp-content/uploads/2019/02/The-Gender-Dimensions-of-3Ts-in-the-GLR-1.pdf
https://www.iisd.org/publications/report/global-trends-artisanal-and-small-scale-mining-asm-review-key-numbers-and
https://www.iisd.org/publications/report/global-trends-artisanal-and-small-scale-mining-asm-review-key-numbers-and
https://www.iisd.org/system/files/publications/igf-women-asm-challenges-opportunities-participation.pdf
https://www.iisd.org/system/files/publications/igf-women-asm-challenges-opportunities-participation.pdf
https://www.icmm.com/en-gb/guidance/social-performance/2010/artisanal-and-small-scale-miners
https://www.icmm.com/en-gb/guidance/social-performance/2010/artisanal-and-small-scale-miners
https://www.ilo.org/manila/publications/WCMS_720743/lang--en/index.htm
https://www.ilo.org/manila/publications/WCMS_720743/lang--en/index.htm
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://doi.org/10.1080/13552074.2015.1062300


Lahiri-Dutt, K. (2012). Digging women: towards a new agenda for feminist critiques of mining. Gender, Place & Culture 
19(2), 193-212. https://doi.org/10.1080/0966369X.2011.572433. 

Laing, T., Edwards, R., Yusuf, S. and Sparman, C. (2023). Assessing the economics and finances of Artisanal and 
small-scale gold mining in Guyana. Journal of Rural Studies 97, 438-448. https://www.sciencedirect.com/science/
article/pii/S0743016722002820.

Lawson, L. (2020). Opportunities and challenges for women’s empowerment in the gemstone value chain in 
Madagascar and Thailand. PhD thesis. University of Queensland, Sustainable Minerals Institute. https://espace.
library.uq.edu.au/view/UQ:1ceb95d/s4316186_finall_thesis.pdf. 

Le Houérou, P. (2018). The Equator Principles just turned 15, we should celebrate their impact, 18 September. 
Devex. https://www.devex.com/news/opinion-the-equator-principles-just-turned-15-we-should-celebrate-their-
impact-93435.

Mallo, S.J. (2012). The Socio-Economic Impact of Artisanal Mining in Kuru (Naraguta Sheet 168) Plateau State, 
North Central Nigeria. Continental Journal of Engineering Sciences 7(3), 27-32. https://irepos.unijos.edu.ng/jspui/
handle/123456789/1011.

Mcfarlane, D. and Villalobos, R. (2019). The State of Artisanal Mining in Myanmar. Pact. https://www.delvedatabase.
org/resources/the-state-of-artisanal-mining-in-myanmar.

Mcquilken, J., Rickard, S., Treasure, W., Mihaylova, A. and Baxter, J. (2017). Women in mining: Can a mining law unlock 
the potential of women in mining? London: Adam Smith International and International Women in Mining. https://
internationalwim.org/wp-content/uploads/2020/11/Women-in-mining-Can-a-mining-law-unlock-the-potential-of-
women.pdf.

Noetstaller, R. (1995). Historical Perspective and Key Issues of Artisanal Mining. Keynote speech at the International 
Roundtable on Artisanal Mining organized by the World Bank, Washington, D.C., May 17-19, 1995. https://
artisanalmining.org/Repository/01/The_CASM_Files/CASM_Database_documents/Noetstaller_1995.pdf Accessed 
25/10/2024.

Nyame, F.K. and Grant, J.A. (2014). The political economy of transitory mining in Ghana: Understanding the 
trajectories, triumphs, and tribulations of artisanal and small-scale operators. The Extractive Industries and Society 
1(1), 75-85. https://doi.org/10.1016/j.exis.2014.01.006.

O’driscoll, D. (2017). Overview of child labour in the artisanal and small-scale mining sector in Asia and Africa. K4D 
Helpdesk Report. Brighton, UK: Institute of Development Studies. https://www.gov.uk/research-for-development-
outputs/overview-of-child-labour-in-the-artisanal-and-small-scale-mining-sector-in-asia-and-africa#links. 

Organization for Economic Cooperation and Development (2019). Interconnected supply chains: A comprehensive 
look at due diligence challenges and opportunities sourcing cobalt and copper from the Democratic Republic of the 
Congo. Paris: OECD Publishing. https://mneguidelines.oecd.org/interconnected-supply-chains-a-comprehensive-
look-at-due-diligence-challenges-and-opportunities-sourcing-cobalt-and-copper-from-the-drc.htm.

Perks, R. (2016). I loan, you mine: Metal streaming and off-take agreements as solutions to undercapitalisation facing 
small-scale miners? The Extractive Industries and Society 3(3), 813-822. https://www.sciencedirect.com/science/
article/pii/S2214790X16300740. 

Planetgold (2020a). Access to Finance: Options for Artisanal and Small-Scale Mining. https://www.planetgold.org/
sites/default/files/2020-06/Access-to-Finance-Options-for-ASM_FV.pdf. 

Planetgold (2020b). Improving Access to Formal Finance in Artisanal and Small-scale Gold Mining. 
https://www.planetgold.org/improving-access-finance-artisanal-small-scale-gold-mining. 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

352

https://doi.org/10.1080/0966369X.2011.572433
https://www.sciencedirect.com/science/article/pii/S0743016722002820
https://www.sciencedirect.com/science/article/pii/S0743016722002820
https://espace.library.uq.edu.au/view/UQ:1ceb95d/s4316186_finall_thesis.pdf
https://espace.library.uq.edu.au/view/UQ:1ceb95d/s4316186_finall_thesis.pdf
https://www.devex.com/news/opinion-the-equator-principles-just-turned-15-we-should-celebrate-their-impact-93435
https://www.devex.com/news/opinion-the-equator-principles-just-turned-15-we-should-celebrate-their-impact-93435
https://irepos.unijos.edu.ng/jspui/handle/123456789/1011
https://irepos.unijos.edu.ng/jspui/handle/123456789/1011
https://www.delvedatabase.org/resources/the-state-of-artisanal-mining-in-myanmar
https://www.delvedatabase.org/resources/the-state-of-artisanal-mining-in-myanmar
https://internationalwim.org/wp-content/uploads/2020/11/Women-in-mining-Can-a-mining-law-unlock-the-potential-of-women.pdf
https://internationalwim.org/wp-content/uploads/2020/11/Women-in-mining-Can-a-mining-law-unlock-the-potential-of-women.pdf
https://internationalwim.org/wp-content/uploads/2020/11/Women-in-mining-Can-a-mining-law-unlock-the-potential-of-women.pdf
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fartisanalmining.org%2FRepository%2F01%2FThe_CASM_Files%2FCASM_Database_documents%2FNoetstaller_1995.pdf%2520Accessed%252025%2F10%2F2024&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cf8a2f903cfb94ffd052d08dcf48bab66%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638654127934952031%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=J0YrLB9x7MkhFKGGHtPWS0wij42EITMxArIMtiVQiag%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fartisanalmining.org%2FRepository%2F01%2FThe_CASM_Files%2FCASM_Database_documents%2FNoetstaller_1995.pdf%2520Accessed%252025%2F10%2F2024&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cf8a2f903cfb94ffd052d08dcf48bab66%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638654127934952031%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=J0YrLB9x7MkhFKGGHtPWS0wij42EITMxArIMtiVQiag%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fartisanalmining.org%2FRepository%2F01%2FThe_CASM_Files%2FCASM_Database_documents%2FNoetstaller_1995.pdf%2520Accessed%252025%2F10%2F2024&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cf8a2f903cfb94ffd052d08dcf48bab66%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638654127934952031%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=J0YrLB9x7MkhFKGGHtPWS0wij42EITMxArIMtiVQiag%3D&reserved=0
https://doi.org/10.1016/j.exis.2014.01.006
https://www.gov.uk/research-for-development-outputs/overview-of-child-labour-in-the-artisanal-and-small-scale-mining-sector-in-asia-and-africa#links
https://www.gov.uk/research-for-development-outputs/overview-of-child-labour-in-the-artisanal-and-small-scale-mining-sector-in-asia-and-africa#links
https://mneguidelines.oecd.org/interconnected-supply-chains-a-comprehensive-look-at-due-diligence-challenges-and-opportunities-sourcing-cobalt-and-copper-from-the-drc.htm
https://mneguidelines.oecd.org/interconnected-supply-chains-a-comprehensive-look-at-due-diligence-challenges-and-opportunities-sourcing-cobalt-and-copper-from-the-drc.htm
https://www.sciencedirect.com/science/article/pii/S2214790X16300740
https://www.sciencedirect.com/science/article/pii/S2214790X16300740
https://www.planetgold.org/sites/default/files/2020-06/Access-to-Finance-Options-for-ASM_FV.pdf
https://www.planetgold.org/sites/default/files/2020-06/Access-to-Finance-Options-for-ASM_FV.pdf
https://www.planetgold.org/improving-access-finance-artisanal-small-scale-gold-mining


Planetgold (2020c). Unlocking Finance for Artisanal and Small-Scale Gold Mining: A Frontier Investment Sector. 
Available from: https://www.planetgold.org/sites/default/files/2020-04/Unlocking-Finance-for-ASGM_final_0.pdf

Radley, B. and Vogel, C. (2015). Fighting windmills in Eastern Congo? The ambiguous impact of the ‘conflict minerals’ 
movement. The Extractive Industries and Society 2(3), 406-410. https://www.sciencedirect.com/science/article/pii/
S2214790X1500088X.

Reichel, V. (2020). Financial inclusion for women and men in artisanal gold mining communities: A case study from 
the Democratic Republic of the Congo. The Extractive Industries and Society 7(2), 412-419. https://doi.org/10.1016/j.
exis.2019.05.003.

Salo, M., Hiedanpää, J., Karlsson, T., Cárcamo Ávila, L., Kotilainen, J., Jounela, P. et al. (2016). Local perspectives on 
the formalization of artisanal and small-scale mining in the Madre de Dios gold fields, Peru. The Extractive Industries 
and Society 3(4), 1058-1066. https://www.sciencedirect.com/science/article/pii/S2214790X16301733. 

Schipper, I., De Haann, E. and Van Dorp, M. (2015). Gold from children’s hands, Use of child-mined gold by the 
electronics sector. Amsterdam: Centre for Research on Multinational Corporations (SOMO). https://scholar.google.
co.uk/scholar_url?url=https://www.stopkinderarbeid.nl/assets/SOMO-Gold-from-children%25E2%2580%2599s-
hands-web-1.pdf&hl=en&sa=X&ei=2AOwZIPOBsaMy9YP0rOPqAY&scisig=ABFrs3xL5c1PNWXPQy32Fut-
Kpi_&oi=scholarr. 

Schütte, P. and Näher, U. (2020). Tantalum supply from artisanal and small-scale mining: A mineral economic 
evaluation of coltan production and trade dynamics in Africa’s Great Lakes region. Resources Policy 69, 101896. 
https://www.sciencedirect.com/science/article/pii/S0301420720309272.

Seccatore, J., Veiga, M., Origliasso, C., Marin, T. and De Tomi, G. (2014). An estimation of the artisanal small-
scale production of gold in the world. Science of the Total Environment 496, 662-667. https://doi.org/10.1016/j.
scitotenv.2014.05.003.

Siegel, S. and Veiga, M.M. (2009). Artisanal and small-scale mining as an extralegal economy: De Soto and the 
redefinition of “formalization”. Resources Policy 34(1-2), 51-56. https://www.sciencedirect.com/science/article/pii/
S0301420708000652. 

Sippl, K. and Selin, H. (2012). Global Policy for Local Livelihoods: Phasing Out Mercury in Artisanal and Small-Scale 
Gold Mining. Environment: Science and Policy for Sustainable Development 54, 18-29. https://doi.org/10.1080/00139
157.2012.673452. 

Siwale, A. (2018). Institutions and Resources at the Sub-National Level: The Case of Artisanal and Small-Scale Mining 
in Zambia. Doctoral Thesis. Central European University School of Political Science, Public Policy and International 
Relations.

Siwale, A. and Siwale, T. (2017). Has the promise of formalizing artisanal and small-scale mining (ASM) failed? The 
case of Zambia. The Extractive Industries and Society 4(1), 191-201. https://www.sciencedirect.com/science/article/
pii/S2214790X1630140X. 

Smith, N.M., Smith, J.M., John, Z.Q. and Teschner, B.A. (2017). Promises and perceptions in the Guianas: The making 
of an artisanal and small-scale mining reserve. Resources Policy 51, 49-56. https://www.sciencedirect.com/science/
article/pii/S0301420716300447. 

Spiegel, S.J. (2012). Microfinance services, poverty and artisanal mineworkers in Africa: In search of measures for 
empowering vulnerable groups. Journal of International Development 24(4), 485-517. https://onlinelibrary.wiley.com/
doi/abs/10.1002/jid.1781. 

Spiegel, S.J. (2015a). Contested diamond certification: Reconfiguring global and national interests in Zimbabwe’s 
Marange fields. Geoforum 59, 258-267. https://www.sciencedirect.com/science/article/pii/S0016718514001328. 

353

REFERENCES

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.planetgold.org%2Fsites%2Fdefault%2Ffiles%2F2020-04%2FUnlocking-Finance-for-ASGM_final_0.pdf&data=05%7C02%7Cb.verrier%40ucl.ac.uk%7C6d66a2334b15482fd1ec08dce77dfd13%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638639775838413648%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=5MxH7ueeRQfFQqJrSB0X1lGQeVuqhYhqMjP8ub%2FUEPo%3D&reserved=0
https://www.sciencedirect.com/science/article/pii/S2214790X1500088X
https://www.sciencedirect.com/science/article/pii/S2214790X1500088X
https://doi.org/10.1016/j.exis.2019.05.003
https://doi.org/10.1016/j.exis.2019.05.003
https://www.sciencedirect.com/science/article/pii/S2214790X16301733
https://scholar.google.co.uk/scholar_url?url=https://www.stopkinderarbeid.nl/assets/SOMO-Gold-from-children%25E2%2580%2599s-hands-web-1.pdf&hl=en&sa=X&ei=2AOwZIPOBsaMy9YP0rOPqAY&scisig=ABFrs3xL5c1PNWXPQy32Fut-Kpi_&oi=scholarr
https://scholar.google.co.uk/scholar_url?url=https://www.stopkinderarbeid.nl/assets/SOMO-Gold-from-children%25E2%2580%2599s-hands-web-1.pdf&hl=en&sa=X&ei=2AOwZIPOBsaMy9YP0rOPqAY&scisig=ABFrs3xL5c1PNWXPQy32Fut-Kpi_&oi=scholarr
https://scholar.google.co.uk/scholar_url?url=https://www.stopkinderarbeid.nl/assets/SOMO-Gold-from-children%25E2%2580%2599s-hands-web-1.pdf&hl=en&sa=X&ei=2AOwZIPOBsaMy9YP0rOPqAY&scisig=ABFrs3xL5c1PNWXPQy32Fut-Kpi_&oi=scholarr
https://scholar.google.co.uk/scholar_url?url=https://www.stopkinderarbeid.nl/assets/SOMO-Gold-from-children%25E2%2580%2599s-hands-web-1.pdf&hl=en&sa=X&ei=2AOwZIPOBsaMy9YP0rOPqAY&scisig=ABFrs3xL5c1PNWXPQy32Fut-Kpi_&oi=scholarr
https://www.sciencedirect.com/science/article/pii/S0301420720309272
https://doi.org/10.1016/j.scitotenv.2014.05.003
https://doi.org/10.1016/j.scitotenv.2014.05.003
https://www.sciencedirect.com/science/article/pii/S0301420708000652
https://www.sciencedirect.com/science/article/pii/S0301420708000652
https://doi.org/10.1080/00139157.2012.673452
https://doi.org/10.1080/00139157.2012.673452
https://www.sciencedirect.com/science/article/pii/S2214790X1630140X
https://www.sciencedirect.com/science/article/pii/S2214790X1630140X
https://www.sciencedirect.com/science/article/pii/S0301420716300447
https://www.sciencedirect.com/science/article/pii/S0301420716300447
https://onlinelibrary.wiley.com/doi/abs/10.1002/jid.1781
https://onlinelibrary.wiley.com/doi/abs/10.1002/jid.1781
https://www.sciencedirect.com/science/article/pii/S0016718514001328


Spiegel, S.J. (2015b). Shifting Formalization Policies and Recentralizing Power: The Case of Zimbabwe’s Artisanal 
Gold Mining Sector. Society & Natural Resources 28(5), 543-558. https://doi.org/10.1080/08941920.2015.1014606. 

Swiss Agency for Development and Cooperation (2017). Annual Report 2017 – Swiss Agency for Development and 
Cooperation in Mongolia. Ulaanbaatar: Swiss Cooperation Office of the Embassy of Switzerland in Mongolia.

United Nations, Committee on the Elimination of Discrimination against Women (2015). Consideration of reports 
submitted by States parties under article 18 of the Convention on the Elimination of All Forms of Discrimination against 
Women. Sixth and seventh periodic reports of States parties expected in 2014. Madagascar. CEDAW/C/MDG/6-7. 
https://tbinternet.ohchr.org/_layouts/15/treatybodyexternal/Download.aspx?symbolno=CEDAW/C/MDG/6-
7&Lang=en. 

United Nations Economic Commission for Africa (UNECA), (2002). United Nations Economic Commission for Africa 
(UNECA) and United Nations Department for Economic and Social Affairs (UNDESA). Seminar on Artisanal and 
Small-scale Mining in Africa: Identifying Best Practices and Building the Sustainable Livelihoods of Communities 
Recommendations, Yaoundé, Cameroon.

United Nations Environment Programme (2022). Mineral Resource Governance and the Global Goals: An Agenda 
for International Collaboration - Summary of the UNEA 4/19 Consultations. Nairobi, Kenya. https://wedocs.unep.
org/20.500.11822/37968.

United States Agency for International Development (2021). Green Energy and Mining: Challenges and Opportunities. 
https://pdf.usaid.gov/pdf_docs/PA00Z956.pdf. 

United States Agency for International Development (2021). Mining and the green energy transition: Review of 
international development challenges and opportunities. https://www.land-links.org/document/mining-and-the-green-
energy-transition-review-of-international-development-challenges-and-opportunities/.

Verbrugge, B. (2014). Capital interests: A historical analysis of the transformation of small-scale gold mining in 
Compostela Valley province, Southern Philippines. The Extractive Industries and Society 1(1), 86-95. https://www.
sciencedirect.com/science/article/pii/S2214790X14000112. 

Verbrugge, B. (2016). Voices from below: Artisanal- and small-scale mining as a product and catalyst of rural 
transformation. Journal of Rural Studies 47(A), 108-116. https://www.sciencedirect.com/science/article/pii/
S0743016716302017. 

Verbrugge, B. and Besmanos, B. (2016). Formalizing artisanal and small-scale mining: Whither the workforce? 
Resources Policy 47, 134-141. https://www.sciencedirect.com/science/article/pii/S0301420716300034. 

World Bank (2021). 2020 State of the Artisanal and Small Scale Mining Sector. Washington, DC. https://
delvedatabase.org/resources/2020-state-of-the-artisanal-and-small-scale-mining-sector.

World Gold Council (2024) https://www.gold.org/goldhub/data/how-much-gold 

Financing the Responsible Supply of Energy Transition Minerals for Sustainable Development

354

https://doi.org/10.1080/08941920.2015.1014606
https://tbinternet.ohchr.org/_layouts/15/treatybodyexternal/Download.aspx?symbolno=CEDAW/C/MDG/6-7&Lang=en
https://tbinternet.ohchr.org/_layouts/15/treatybodyexternal/Download.aspx?symbolno=CEDAW/C/MDG/6-7&Lang=en
https://wedocs.unep.org/20.500.11822/37968
https://wedocs.unep.org/20.500.11822/37968
https://pdf.usaid.gov/pdf_docs/PA00Z956.pdf
https://www.land-links.org/document/mining-and-the-green-energy-transition-review-of-international-development-challenges-and-opportunities/
https://www.land-links.org/document/mining-and-the-green-energy-transition-review-of-international-development-challenges-and-opportunities/
https://www.sciencedirect.com/science/article/pii/S2214790X14000112
https://www.sciencedirect.com/science/article/pii/S2214790X14000112
https://www.sciencedirect.com/science/article/pii/S0743016716302017
https://www.sciencedirect.com/science/article/pii/S0743016716302017
https://www.sciencedirect.com/science/article/pii/S0301420716300034
https://delvedatabase.org/resources/2020-state-of-the-artisanal-and-small-scale-mining-sector
https://delvedatabase.org/resources/2020-state-of-the-artisanal-and-small-scale-mining-sector
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gold.org%2Fgoldhub%2Fdata%2Fhow-much-gold&data=05%7C02%7Cainhoa.carpintero%40un.org%7Cf8a2f903cfb94ffd052d08dcf48bab66%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638654127934930264%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=x7H81wXlV6rLhYxJVrBhe8rvYhpWr6IqDdVxbmii9DQ%3D&reserved=0


CHAPTER 8

International Resource Panel (2020). Mineral Resource Governance in the 21st Century: Gearing extractive industries 
towards sustainable development. Ayuk, E.T., Pedro, A.M., Ekins, P., Gatune, J., Milligan, B., Oberle B., Christmann, P., 
Ali, S., Kumar, S.V, Bringezu, S., Acquatella, J., Bernaudat, L., Bodouroglou, C., Brooks, S., Buergi Bonanomi, E., Clement, 
J., Collins, N., Davis, K., Davy, A., Dawkins, K., Dom, A., Eslamishoar, F., Franks, D., Hamor, T., Jensen, D., Lahiri-Dutt, K., 
Mancini, L., Nuss, P., Petersen, I. and Sanders, A.R.D. A Report by the International Resource Panel. United Nations 
Environment Programme, Nairobi, Kenya. https://www.resourcepanel.org/reports/mineral-resource-governance-
21st-century.

Readhead, A., Tarus, V., Lassourd, T., Madzivanyika, E. and Schlenther, B. (eds.) (2023). The Future of Resource 
Taxation: 10 policy ideas to mobilize mining revenues. The International Institute for Sustainable Development 
and the African Tax Administration Forum. https://www.iisd.org/publications/guide/future-of-resource-
taxation#:~:text=Guide-,The%20Future%20of%20Resource%20Taxation%3A%2010%20policy%20ideas%20to%20
mobilize,collection%20in%20the%20mining%20sector. 

United Nations Environment Programme (2024). Global Resources Outlook 2024: Bend the Trend – Pathways to a 
liveable planet as resource use spikes. Nairobi, Kenya. https://wedocs.unep.org/20.500.11822/44901.

355

REFERENCES

https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://wedocs.unep.org/20.500.11822/44901




www.unep.org
unep-communication-director@un.org

Special thanks to UNEP’s funding partners. For more than 50 years, UNEP has served as the leading global authority on the 
environment, mobilizing action through scientific evidence, raising awareness, building capacity and convening stakeholders. 
UNEP’s core programme of work is made possible by flexible contributions from Member States and other partners to the 
Environment Fund and UNEP Planetary Funds. These funds enable agile, innovative solutions for climate change, nature and 
biodiversity loss, and pollution and waste.

Support UNEP. Invest in people and planet.
www.unep.org/funding


