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Companies are facing increasing pressure from investors, customers and regulators to address, monitor and
manage Environmental, Social and Governance (ESG) risk. Asset owners, such as private equity firms, particu-
larly in the minerals sector are increasingly concerned with the way that asset managers manage ESG risk for
corporate finance activities such as acquisitions, to protect value and even unleash value over the asset holding
life. Common ESG risks include those related to climate change impact mitigation, environmental practices and

duty of care. From a social and governance risk perspective, elements may include respect for human rights, anti-
bribery and corruption practices, as well as compliance to relevant laws and regulations. Although some ESG risk
elements remain constant over the asset holding period, others may be more fluid, and in this paper, we embrace
the notion of uncertainty and a broader acceptance and comfort in the unknown.

1. Introduction

The minerals extractive sector is of great importance to the Austra-
lian (and global) economy, which has seen a shift in requirements for
how operations are planned and executed. With an increased awareness
by investors and community groups, the evolution in mining related
policies has meant that responsible mining can no longer merely talk
about Environmental, Social and Governance (ESG) issues, but that
resource companies are now required to embed ESG guiding principles
within their operations. Being a responsible, sustainable modern mining
operation now means not only being economically viable, but also
operating in an ESG compliant manner. As such, ESG factors need to be
embedded in company strategy for miners, who are shifting focus from
short-term shareholder returns to a longer-term vision that strives to
create value for a wider range of stakeholders, no matter how that value
is measured.

The Ernst & Young (EY) Top 10 business risks and opportunities for
mining and metals detailed for 2022 (Ernst and Young, 2021) suggests
that the top three risks facing mining companies in 2022 will all be ESG
related. Based on the EY survey of approximately 200 global mining
executives, the results in Fig. 1 show that Environmental and Social risks
have risen to be the most important risks, closely followed by

Decarbonization and Licence to Operate. These are not new issues, and
there have been many attempts to embed the Social Licence and the
Social Licence to Operate (SLO) into extractive sector operations (Hitch
and Barakos, 2021).

It is not a coincidence that ESG-related risks have increased in
importance in the mining sector, but rather that a more knowledgeable
and interested community and investor base that is acutely aware of the
impact that mining can have on issues that they are interested in, leading
to increased scrutiny of operational and business practices. For example,
Garnett et al. (2018) investigate the importance of Indigenous lands for
conservation in response to a growing global interest in biodiversity and
the important role that nature plays in facilitating business operations.
With respect to the social aspect, Lesser et al. (2021) recognize that the
community and societal dimensions of the SLO should be disaggregated
in its application to the European mining sector, allowing for the two
dimensions to manifest separately due to different underlying values.

The influence of ESG issues has been observed in many studies
(Valenta et al., 2019; Vidal et al., 2013; Prior et al., 2012; Mudd and
Jowitt, 2018) with numerous instances where projects have been stalled
or even shut down due to ESG concerns (Smith and Mccormick, 2019;
Holley and Mitcham, 2016). This all points to the importance of these
risks and the ability of companies to show that they are good
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environmental and social operators as one of the key success factor for
converting resources into production.

Fuelled by industry disruptors like climate change, aggressive targets
for decarbonization have been set. Arising from these targets, a myriad
of current and new critical minerals will be required in the development
of technologies that can facilitate their achievement, causing an un-
doubted growth in demand for these materials. But how will they be
supplied?

Without feasible substitutes, this growing demand will be met
through a combination of increased production at existing operating
sites and an increased number of new mining operations mining pro-
gressively lower grade sources requiring increased amounts of materials
to be displaced. But as noted by Valenta et al. (2019) in the context of
copper resources, these new mines will face increased, and more com-
plex ESG challenges. This is supported by Lebre et al. (2019) who
investigate the complexity of social and environmental issues in
extracting metals that are required for the energy transition, and Owen
et al. (2022) who look at these complexities based on the location of
energy transition metal resources and their intersection with
land-connected peoples. These studies all point to the notion that those
who are successful in this new production ecosystem will need to show
sustainable operations that adhere to ESG guiding principles as a means
of securing not only equity and debt funding, but also maintaining
customers and securing positive relationships with governments and
community groups.

This changing focus will be a key component of the corporate
strategy implemented by mining firms as they attempt to cash in on the
mineral demand bonanza that is expected to accompany the energy
transition. As a strategic element, ESG issues are not limited to a single
part of the mining life cycle, but rather will span the entire life cycle with
different risks and opportunities being presented based upon the cir-
cumstances through which the miner undertakes its operations.

The purpose of this paper is not to identify any one solution to
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managing ESG related risks. Instead, it is being put forth to initiate
discussion around the importance of these risks for mining companies,
why they have become key-to-success factors and suggest that a new
ESG risk categorisation exists as a means of identifying the intersection
of those risk elements that are of the highest importance. Through this
discussion, we will suggest a set of nomenclature that can be used to
unpack this new ESG categorization and put forward the stages of the
mining life cycle where these risks are expected to have the greatest
impact. The paper will close with a discussion of where research needs to
focus so that decision making and planning processes can be made in
line with ESG factors that have become part of the fabric of corporate
strategy in the mining industry.

2. What is ESG risk?

Environmental, Social and Governance issues can arise at any time,
and will have profound influences on how successfully a mine operates.
(BlackRock 2022) notes that “Environmental, social and governance
(ESG) integration is the practice of incorporating ESG information into
investment decisions to help enhance risk-adjusted returns, regardless of
whether a strategy has a sustainable mandate.” This supports the view
that ESG risk must be considered not only from a strategic viewpoint, but
also as an operational requirement throughout the mining life cycle. In
this vein, many studies have been undertaken to investigate the influ-
ence ESG issues have on mining operations (Valenta et al., 2019; Lebre
et al., 2019; Owen et al., 2022). These studies tend to be undertaken in
the context of the United Nations Sustainable Development Goals (SDG),
and treat the components of ESG separately in the analysis, looking at
the Environmental, Social and Governance factors independently. These
analyses tend to be focused on quantification of the unique issues and
identification of difficulties, suggesting that the factors are related and
create a complex decision-making environment. Highlighting the
emerging relationship amongst the three underlying ESG dimensions,
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Fig. 1. EY’s top 10 risks and opportunities for 2022. Source: (Ernst & Young 2021).
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Hitch and Barakos (2021) note the importance that local communities
are playing in terms of governance actors by “demanding that com-
panies align themselves more closely with the tenets of sustainable and
environmentally friendly development”. In fact, local communities
represent a major aspect associated with the Social paradigm in ESG and
therefore the SLO, as one component of this Social paradigm should also
capture the notion of the equitable access to, and distribution of natural
resources (Kugerl et al., 2023).

We are interested in extending these lines of thinking to mitigation
and management of the risks, and thus look to suggest a framework that
can be used for this purpose. Owen et al. (2022) note that where a
complex system of factors exists, there will be trade-offs that need to be
made. Further, van Duuren et al. (2016) and Friede et al. (2015) suggest
that for the investment community, ESG is increasingly being used to
refer to risks that are not captured by conventional market indicators
(Valenta et al., 2019). It is our belief that this connection between the
individual components of Environmental, Social and Governance is
where the key factors considered by investors when weighing up their
investment alternatives lie. That said, the term ESG is somewhat
ambiguous depending on whether it is used as a single acronym, ESG, or
if it is decomposed into its individual components as per the use sug-
gested by (BlackRock 2022) and is typical of many analyses. As a single
acronym as shown in Fig. 2, ESG has not been clearly and succinctly
defined, and for the purposes of this paper, we suggest that a definition
for ESG as a single acronym is environmental, social and corporate
governance issues that are of social concern but are inadequately regulated
and pose significant risk to the economic viability of mining operations.

These ESG risk factors (i.e. ESG as a single acronym) are not new in
the mining industry. They have always existed, but have gone relatively
unmanaged due to being considered lying outside of the decision-
making perspective used by many mining companies focused on maxi-
mizing short-term monetary values for shareholders. As a result, sub-
optimal decisions have typically been made due to the evaluation and
planning tools being used. For example, the most commonly used
evaluation technique in the mining industry is the discounted cash flow
(DCF) methodology, which uses a short-term value proposition due to
the heavy influence that cash flows in the short-term have on the
calculated value of the whole-of-life of the operation. As a result, many
long-life natural resources opportunities fail to pass a “hurdle rate” in
favor of more "lucrative" short-term ventures. In these instances, it is
often the case that the value proposition associated with the underlying
decision to be made is not properly represented in the cash flow model,
as inputs should be represented by a matrix of possibilities arising from

Environmental

Fig. 2. Identification of ESG as a classification of risks.
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the combination of their physical source and timing in the context of the
diverse group of stakeholders. Real options valuation techniques (Samis
et al., 2006) may address some of these model-input variations but their
research falls short of providing the comprehensive solution required.

As other stakeholders become more aware and exert influence upon
how mining operations are performed and judged for success, their
values and desires have become key considerations that need to be
included in the decision-making and planning processes (Foran et al.,
2022). As an example, with successful mine closure being one of the key
factors used to judge the ESG compliance of a mining company, regu-
lators have adjusted legislation over time to now require a complete
closure plan prior to commencing operations (Dzakpata et al., 2021).

Other ESG standards that the mining industry must adhere to include
those related to energy efficiency, water efficiency, emissions reduction
and improved worker safety. While we often think of ESG as a risk to
operations, being a cognizant ESG operator can reward companies with
a number of (upside) opportunities. However, as these values do not
necessarily translate directly into monetary figures that align with the
traditional evaluation techniques utilized by mining companies, the ESG
component highlighted in Fig. 2 above typically presents itself in an
intangible manner.

As noted by Lilford et al. (2022), difficulty quantifying intangibles is
a key issue for the mining sector that leads to decisions being made with
metrics that do not include all the available information. This often leads
to an inability to plan for future events (i.e. put away, save or divert
adequate cash to cover those intangible issues), an incomplete calcula-
tion of residual risk (leading to a lack of confidence that the offset is
appropriate to allow relinquishment) and difficulty reporting into ESG
frameworks.

Here we offer a framework that can be used to manage this new
classification of ESG risk factors that lies at the intersection of Envi-
ronmental, Social and Governance issues.

There is a need to differentiate risks from uncertainties, and there-
after, to isolate tangibles from intangibles. Rules and regulations are
often put in place to address risks and tangibles but tend to fall short
when it comes to uncertainties and intangibles. For the purposes of this
paper the following two definitions are used:

e Risks: the likelihood that an evidenced outcome will differ from the
outcome that was expected or predicted measured as the likelihood
of the event occurring and the anticipated impact.

e Tangible: something that is real, not imaginary, and that can be seen,
shown, felt or experienced.

Quantitative evaluation techniques, including Monte Carlo Simula-
tion, are implemented for performing risk-based project evaluations that
recognize factors of tangible risk and uncertainty. However, the emer-
gence of the importance of ESG has changed the salience of systemic risk
associated with intangible factors, creating additional complexity that
requires attention. As noted by Peterson et al. (2005), there is a
disconnect in the way qualitative factors that inform the inputs to an
evaluation model are transferred into a quantitative framework, with
three issues being of particular interest.

1) Many practitioners assess the risk of one uncertain variable inde-
pendent of other variables, as if it exists in a vacuum. This is not the
case in practice, as many of the uncertain variables that need to be
modeled are dependent upon one or more other uncertain variables.

2) Many practitioners fall into the trap of the central limit theorem
when performing a quantitative risk analysis by placing probability
distributions on every uncertain variable rather than just the key
variables that contribute to the decision that is to be made. As a
result, the risk analysis fails to answer the very question that it was
created for and fails to offer any assistance in the decision-making
process.
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3) With long-life projects (i.e. mining projects), non-technical risks and
ESG related issues become increasingly important. With the passage
of time, societies evolve and regimes change. Non-technical risks fall
mainly into two categories: country or sovereign risks (Lilford et al.,
2018) and social risks. These add a degree of complication into the
analysis as they are difficult to calculate, not normally distributed
and can result in catastrophic consequences if ignored. Moreover,
technical and non-technical risks become interrelated over the
course of the lifetime of a long-life project.

These same issues apply when analyzing Environmental, Social and
Governance factors independently, as has traditionally been the case.
Using our definition of ESG to analyze the risks that arise at the inter-
section of the three components, the distinction between Intangible and
Tangible Risks and Uncertainties is made as in Fig. 3.

As shown in Fig. 3, the nomenclature rules suggested are that risks
are known and uncertainties are unknown, fitting with the distinction
provided by Knight (1921). Similarly, tangibles are known (quantifi-
able) whereas intangibles are unknown (unquantifiable using current
techniques). Therefore, the order in which the words are used becomes
important so that the following distinction prevails (following from
Rumsfeld, 2002):

Tangible Risk -Known: Risks that are known to exist and if they
eventuate, the varied outcome can be predicted with confidence
(examples include grade, recovery and production rate variations,
commodity price and exchange rate fluctuations, events that impact
costs like industrial action, under/over-estimation of capital expen-
diture, etc.).

Intangible Risk — Unknown Known: Risks that are currently un-
known, but if they eventuate will give rise to a varied outcome that
can be predicted with confidence (examples include mild or severe
floods or drought, ground instability (slope failure or underground
roof collapse), supply and demand imbalances, substitution, land-use
after mining, etc.).

Tangible Uncertainty — Known Unknown: Uncertainties that are
known to exist but the varied outcome should they eventuate cannot
be predicted with any level of confidence (examples include carbon
trading and its cost impact, industrial action brought on by labor
(potentially through unions), sovereign risk (degrees of nationalism),
climate change and others).

Tangible
(Known)

Uncertainty
(Unknown)

(Known)

Intangible
(Unknown)

Fig. 3. Depicting ESG risk and uncertainty categories and valuation methods.
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e Intangible Uncertainty -Unknown: Uncertainties that are not
currently known but may arise and be identified in the future. Due to
their unknown nature, neither their occurrence nor the varied
outcome should they eventuate can be predicted with any level of
confidence (examples may include local, regional or global insta-
bility (such as sanctions, embargos, war, strategic imposition, etc.)).

If a broader stakeholder view is taken, as discussed previously in this
paper, many unknown unknowns should actually be categorized as
either a known unknown (Tangible Uncertainty) or an unknown known
(Intangible Risk). These are the ESG factors identified in Fig. 2 at the
intersection of Environmental, Social and Governance that are
commonly seen influencing mining operations. As they have some
known qualities (being an expectation or a perceived measurement)
they can be included within traditional decision-making practices using
many of the tools that are currently in existence. What then remains as
unknown unknowns (Intangible Uncertainties) are actually not ESG is-
sues and factors, but rather future events that we cannot even fathom
occurring. While important and warranting its own research drive to
reduce the tails in these curves, they are not the factors that drive ESG
risks and opportunities.

Fig. 4 presents a visualization of how these various conditions relate
to each other, with typical expectations simply depicted as a normal
distribution or bell curve, with the highest point (peak) representing the
most likely outcome (greatest certainty) and the tails as the least likely
outcome (greatest uncertainty). Each curve then presents the upper
bound of one of the four combinations of Risks or Uncertainties with
Tangibles or Intangibles. These are embedded curves, which show that
Tangible Risks are responsible for the majority of the uncertainty that is
close to the mean, as would be expected, whereas Intangible Un-
certainties contribute the largest proportion to the tails of the
distribution.

3. ESG risks and opportunities across the mining life cycle

Mining operations are complex projects that require a unique plan to
transform mineralization that is discovered in the ground into a saleable
product. And while the unique nature of the plan will dictate that a
specific set of processes will be followed throughout the life of the mine,
there is a general formula or sequence followed by all mining operations
known as the mining life cycle. There are variations on the number of
stages that are in the mining life cycle and the names given to each stage,
but in general all mining operations will undergo some processes asso-
ciated with the five stages identified in Fig. 5:

While all mines tend to follow the stages outlined in this general
mining life cycle, there will be some overlap between the stages. For
example, in an attempt to extend the life of an operation, companies will
continue to undertake exploration activities in and around the mine site
during the production stage. Similarly, to facilitate responsible closure
of the site post-mining and make the land available for subsequent
potentially economic activities in a timely fashion, some progressive
rehabilitation activities may be undertaken during the production stage.
There will also be variations in terms of the length of each stage within
the mining life cycle and the amount of capital required. In general, the
construction and commissioning stage will often require the greatest
intensity of capital investment. In some cases, billions of dollars will be
spent constructing the infrastructure required to exploit a mineral de-
posit. Often the prospecting and exploration stage will be second in
terms of capital intensity. In terms of duration, the production stage is
usually the longest, however, there will be overlap between the closure
and rehabilitation and production stages.

While the emergence of ESG as both a lens through which to evaluate
the impact of a mining operation and an important set of guiding prin-
ciples for mining operations, it has become a strategic issue. Due to the
duration associated with the various stages of the mining life cycle, there
will be a number of risks that must be faced, managed and/or mitigated
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Fig. 5. The mining life cycle.

at specific times. Within the ESG space, life-cycle assessments have been
undertaken to help with decisions around such aspects as which low-
carbon technology to implement for electricity supply in a world that
is becoming increasingly interested in decarbonization (Hertwich et al.,
2015). These assessments are typically performed in a cost-benefit style
analysis that assesses carbon emissions as a proxy for environmental
impact. And while emissions are well covered in this space, the envi-
ronmental component of the ESG landscape is much broader, and means
that all aspects of environment, social and governance (the intersection
of these factors) need to be considered.

Re-iterating the definition of ESG as environmental, social and
corporate governance issues that are of social concern but are inade-
quately regulated and pose significant risk to the economic viability of
mining operations, we look across the mining life cycle to create the
matrix, being a heat map, presented in Table 1 that highlights the stages
of the mining life cycle where we feel ESG risks are expected to have the
greatest impact.

Table 1
Greatest impact of ESG risks across the mining life cycle.

As discussed in section 2.0 above, ESG risk factors relate to the Un-
known Known and Known Unknown categories in the matrix, which
arise due to the need to recognize the values and desires of stakeholders
that were previously not considered when using traditional decision-
making and planning practices. As depicted, ESG risks do present in
various forms across the entire mining life cycle. However, as would be
expected, the areas of greatest interest surround the production stage,
which has the longest duration, and is where the majority of the envi-
ronmental and social disturbance will take place. It is in these latter
stages where issues associated with ground instability, floods, droughts
and climate change will have the most affect, as there is infrastructure
either being built, in operation, or being maintained post mining that is
susceptible to these risks. This also manifests because it is more difficult
to make changes to processes and infrastructure once they have been
locked in and built.

It is also to be expected that industrial action, supply and demand
imbalances, the threat of substitution and the potential for resource

Prospecting & Exploration Design & Planning Construction & Commissioning Production Closure & Rehabilitation
Unknown Known Medium Medium Medium High High
Known Unknown Low Medium Medium High High
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nationalism would have the greatest impact in these stages where the
greatest economic activity is being undertaken. Socially, disruptions to
this economic activity will cascade through community groups suffering
from such impositions as loss of employment.

ESG risks in the production stage may arise from the inputs used in
the exploitation processes such as energy and water, as well as the
outputs from the processes such as tailings and effluent, noise and air
quality. That said, there is also an opportunity at this stage to use ESG as
a differentiator for the mined product. By tracking the provenance of the
product, companies are able to market their offering as ESG risk-
friendly, which is becoming important to consumers and investors,
and potentially allows these producers to charge a premium for their
offering. Having a transparent chain of custody for mineral products that
go from the mineralization as it exists in situ to final product is an
important part of the modern mining business.

At the end of the mining life cycle, the closure and rehabilitation
stage will also be susceptible to a myriad of ESG related risks. Being a
good corporate citizen that operates responsibly from an ESG perspec-
tive can provide companies with the opportunity to operate more sus-
tainably. An operator that closes its mine responsibly to a point of
relinquishment will build confidence with regulators, investors and
communities. If this includes stronger environmental outcomes, then
potential community unrest can be managed, boosting employee
morale. By operating in an ESG responsible manner and embedding
those factors into the way that operations are undertaken, total risk can
be reduced, translating to more productive and efficient operations that
ultimately increase the contribution to the bottom line.

4. Discussion and further research

Further work needs to be done to integrate ESG factors into decision
processes across the mining life cycle. This paper offers a starting point
by defining ESG as a conceptually inclusive acronym that may highlight
the issues having the greatest impact on any operation, and offers a
nomenclature that can be used to think about the different factors that
are incorporated within the way decisions are made. By decomposing
the factors into Risk or Uncertainty and Tangible or Intangible, we
provide a framework for identifying the factors that can be included
using currently available tools, and those that require additional
research.

One of the key outcomes of this paper is that we must find ways of
dealing with uncertainty that recognize its complexity. With the emer-
gence of ESG beyond the SLO and Corporate Social Responsibility, we
are now dealing heavily with non-monetary factors, which represents a
tough problem based on our traditional way of thinking. We need to
think abstractly about investing in ESG and hence what an ESG return
might be, and from there, we can then use that return to assess In-
tangibles in a manner that complements traditional evaluation
processes.

References

BlackRock (2022). Sustainable investing: ESG integration, (Accessed 11 May 2022), htt
ps://www.blackrock.com/institutions/en-au/investment-capabilities-and-solution
s/sustainable-investing/esg-integration.

The Extractive Industries and Society 14 (2023) 101244

Dzakpata, L., Qureshi, M., Kizil, M., Maybee, B., 2021. Exploring the Issues in Mine
Closure Planning. CRC TiME Limited, Perth, Australia.

Ernst & Young (2021). Top 10 business risks and opportunities for mining and metals in
2022, October, https://www.ey.com/en_gl/mining-metals/top-10-business-risks-
and-opportunities-for-mining-and-metals-in-2022.

Foran, T., Barber, M., Ackermann, F., 2022. Understanding the Values of Stakeholders in
Australian post-Mining Economies. CRC TiME Limited, Perth, Australia.

Friede, G., Busch, T., Bassen, A., 2015. ESG and financial performance: aggregated
evidence from more than 2000 empirical studies. J. Sustain. Financ. Invest. 5 (4),
210-233.

Garnett, S.T., Burgess, N.D., Fa, J.E., Fernandez-Liamazares, A., Molnar, Z., Robinson, C.
J., Watson, J.E.M., Zander, K.K., Austin, B., Brondizio, E.S., Collier, N.F., Duncan, T.,
Ellis, E., Geyle, H., Jackson, M.V., Jonas, H., Malmer, P., McGowan, B.,

Sivongxay, A., Leiper, 1., 2018. A spatial overview of the global importance of
Indigenous lands for conservation. Nat. Sustain. 1 (July), 369-374.

Hertwich, E.G., Gibon, T., Bouman, E.A., Arvesen, A., Suh, S., Heath, G.A., Bergesen, J.
D., Ramirez, A., Vega, M.L, Shi, L., 2015. Integrated life-cycle assessment of
electricity-supply scenarios confirms global environmental benefit of low-carbon
technologies. Proc. Natl. Acad. Sci. U.S.A 112 (20), 6277-6282.

Hitch, M. and Barakos, G. (2021). “Virtuous natural resource development: the evolution
and adaptation of social licence in the mining sector.” Extract. Ind. Soc., 4p, 10.1016
/j.exis.2021.100902.

Holley, E.A., Mitcham, C., 2016. The pebble mine dialogue: a case study in public
engagement and the social licence to operate. Resour. Policy 47, 18-27.

Knight, F.H., 1921. Risk, Uncertainty and Profit. Houghton Mifflin, Boston.

Kugerl, M., Hitch, M., Gugerell, K., 2023. Responsible sourcing for energy transitions:
discussing academic narratives of responsible sourcing through the lens of natural
resource justice. J. Environ. Manag. 326, 15p.

Lebre, E., Stringer, M., Svobodova, K., Owen, J.R., Kemp, D., Cote, C., Arratia-Solar, A.,
Valenta, R.K., 2019. The social and environmental complexities of extracting energy
transition metals. Nat. Commun. 11 (1), 4823. https://doi.org/10.1038/541467-
020-18661-9.

Lesser, P., Gugerell, K., Poelzer, G., Hitch, M., Tost, M., 2021. European mining and the
social licence to operate. Extract. Ind. Soc. 8, 4p.

Lilford, E., Maybee, B., Packey, D, 2018. Cost of capital and discount rates in cash flow
valuations for resources projects. Resour. Policy 59 (December), 525-531.

Lilford, E., Williams, D., Mackay, W., Garcia-Flores, R., Green, N., Kragt, M., 2022.
Current Tools, Techniques and Gaps in Evaluating Mine Closure. CRC TiME Limited,
Perth, Australia.

Mudd, G.M., Jowitt, S.M., 2018. Growing global copper resources, reserves and
production: discovery is not the only control on supply. Econ. Geol. 113 (6),
1235-1267.

Owen, J.R., Kemp, D., Lechner, A.M., Harris, J., Zhang, R., Lebre, E., 2022. Energy
transition minerals and their intersection with land-connected peoples. Nat. Sustain.
6, 203-211. https://doi.org/10.1038/541893-022-00994-6.

Peterson, S., De Wardt, J., Murtha, J., 2005. Risk and Uncertainty Management — Best
Practices and Misapplications for Cost and Schedule Estimates. SPE International,
(SPE 97269), Society of Petroleum Engineers, p. 6p.

Prior, T., Giurco, D., Mudd, G., Mason, L., Behrisch, J., 2012. Resource depletion, peak
minerals and the implications for sustainable resource management. Glob. Environ.
Change 22 (3), 577-587.

Rumsfeld, D. (2002). "Defense.gov News Transcript: doD News Briefing — Secretary
Rumsfeld and Gen. Myers, United States Department of Defense (defense.gov)".
February 12.

Samis, M.R., Davis, G.A., Laughton, D.G., Poulin, R., 2006. Valuing uncertain asset cash
flows when there are no options: a real options approach. Resour. Policy 30,
285-298.

Smith, N.C., Mccormick, E., 2019. Barrick gold: a perfect storm at Pascua Lama. Eds.. In:
Lessen, G.G., Smith, N.C. (Eds.), Managing Sustainable Business: An Executive
Education case and Textbook. Springer, Netherlands, Dordrecht.

Valenta, R.k., Kemp, D., Owen, J.R., Corder, G.D., Lebre, E., 2019. Re-thinking complex
orebodies: consequences for the future world supply of copper. J. Clean. Prod. 220,
816-826.

Van Duuren, E., Plantinga, A., Scholtens, B., 2016. ESG integration and the investment
management process: fundamental investing reinvented. J. Bus. Ethics 138 (3),
525-533.

Vidal, O., Goffe, B., Arndt, N., 2013. Metals for a low-carbon society. Nat. Geosci. 6,
894-896.


https://www.blackrock.com/institutions/en-au/investment-capabilities-and-solutions/sustainable-investing/esg-integration
https://www.blackrock.com/institutions/en-au/investment-capabilities-and-solutions/sustainable-investing/esg-integration
https://www.blackrock.com/institutions/en-au/investment-capabilities-and-solutions/sustainable-investing/esg-integration
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0002
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0002
https://www.ey.com/en_gl/mining-metals/top-10-business-risks-and-opportunities-for-mining-and-metals-in-2022
https://www.ey.com/en_gl/mining-metals/top-10-business-risks-and-opportunities-for-mining-and-metals-in-2022
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0004
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0004
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0005
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0005
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0005
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0006
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0006
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0006
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0006
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0006
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0007
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0007
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0007
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0007
https://doi.org/10.1016/j.exis.2021.100902
https://doi.org/10.1016/j.exis.2021.100902
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0009
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0009
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0010
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0011
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0011
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0011
https://doi.org/10.1038/s41467-020-18661-9
https://doi.org/10.1038/s41467-020-18661-9
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0013
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0013
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0014
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0014
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0015
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0015
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0015
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0016
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0016
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0016
https://doi.org/10.1038/s41893-022-00994-6
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0018
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0018
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0018
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0019
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0019
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0019
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0021
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0021
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0021
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0022
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0022
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0022
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0023
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0023
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0023
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0024
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0024
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0024
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0025
http://refhub.elsevier.com/S2214-790X(23)00035-7/sbref0025

	Environmental, Social and Governance (ESG) risk, uncertainty, and the mining life cycle
	1 Introduction
	2 What is ESG risk?
	3 ESG risks and opportunities across the mining life cycle
	4 Discussion and further research
	References


