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Recent years have seen a proliferation of frameworks for assessing and reporting mining sustainability.
While these frameworks vary substantially in scope and approach, they all seem to share the purported
goal of better informing decision-makers about the future implications of mining to the environment and
society. Whether they do so, however, remains an open question. The purpose of this paper is to describe,
compare and critically analyse five sustainability assessment and reporting frameworks used by, or pro-
posed for, the mining industry. Based on literature reviews, the paper highlights the underlying assump-
tions of those frameworks and presents a diagram that helps to clarify aspects such as temporal
orientation, geographical scope and quantity of indicators. Three out of the five frameworks follow a
siloed approach to assessing mining sustainability, overlooking trade-offs and synergies among variables
and sustainability dimensions. None of the frameworks seems to fully shed light on the problem of min-
eral scarcity and the effective legacy of mineral operations. The paper concludes by emphasizing the need
to carefully consider the information generated by the analysed frameworks and suggest more fruitful
ways to foster sustainability reports.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction: the burgeoning science of measuring mining
sustainability

The public perception of the mining industry remains negative
despite the proliferation of mining sustainability initiatives over
the past two decades. One analysis that tracked the ethical reputa-
tion of multinationals in the media found that basic resources com-
panies, which includes 32 mining and metals multinationals,
ranked 17th out of 18 other industrial sectors (Covalence, 2009).

Fuelling this reputational problem is the reality that mining
deals with non-renewable resources. It is easy to agree that the so-
cial and environmental impacts of mineral extraction need to be
harnessed through eco-efficiency, community investments, equita-
ble allocation of mineral rents, and so forth. However, there is little
public consensus about how to make the extraction of non-renew-
able resources compatible with sustainability. Many NGOs have ar-
gued that ‘‘mining is inherently unsustainable’’ and that ‘‘(. . .) a
truly sustainable global society will take fewer minerals from the
earth each year’’ (Young and Septoff, 2002, p. 1). Yet organizations
such as the International Council on Mining and Metals (ICMM)
disagree that mining activities should be kept to a minimum, since
the sector plays an important role in promoting sustainable devel-
opment. According to that Council, mining, like any other human
ll rights reserved.
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activity, should be ‘‘undertaken in such a way that the activity
itself and the products produced provide a net positive
long-term contribution to human and ecosystem well-being’’
(ICMM, 2012a, p. 5).

The ongoing controversy surrounding the concept of mining
sustainability would probably diminish if the ‘‘science’’ of assess-
ing and reporting mining sustainability were sufficiently devel-
oped. As environmental engineer Gavin Mudd asked: ‘‘How on
earth do we really assess the sustainability of mining and move be-
yond rhetoric and policy to really understand this debate?’’ (Mudd,
2007, p. 27). Mudd’s question awaits an answer. There is no agree-
ment on how to assess mining sustainability, even within similar
contexts and unit of analysis.

This knowledge gap has not impeded the development of min-
ing sustainability frameworks. The Global Compendium of Sustain-
ability Indicators Initiatives includes at least 20 records of
frameworks that can be used to assess mining sustainability (IISD,
2012). A growing number of similar frameworks are being pro-
posed by scholars as well. Nonetheless, the effectiveness of such
initiatives (i.e. their capacity to generate sound information about
the future socio-environmental effects of mining) has received
very little scrutiny. Petrie et al. (2007, p. 144) examined this prob-
lem recently and concluded that ‘‘there is little in the public do-
main, which demonstrates how sustainability metrics and
frameworks are actually used to support decision making, and
whether better decision outcomes are achieved as a result’’.

http://dx.doi.org/10.1016/j.mineng.2013.04.008
mailto:albertof@em.ufop.br
http://dx.doi.org/10.1016/j.mineng.2013.04.008
http://www.sciencedirect.com/science/journal/08926875
http://www.elsevier.com/locate/mineng


A. Fonseca et al. / Minerals Engineering 46–47 (2013) 180–186 181
Readers of the reports generated by mining sustainability frame-
works (e.g. consultants, communities, investors, activists) might
overlook the limitations of such reports. As scholars often point
out, the ‘‘selected’’ indicators and metrics may suggest that the
mining company or operational site is ‘‘generally’’ progressing to-
wards sustainability (Moneva et al., 2006; Gray, 2010).

The objective of this paper is to shed light on the burgeoning
and confusing practice of assessing and reporting mining sustain-
ability. It does so by describing, comparing and critically analyzing
five (5) frameworks used by or proposed for mining companies and
industry associations. The underlying purpose is to assess the
effectiveness and limitations of such frameworks. Findings from
this assessment are particularly useful for communities and insti-
tutions interested in the mineral sector’s socio-environmental
accountability.
2. Methodology

The term ‘‘Sustainability assessment framework’’ has been de-
scribed in several ways, often on an ad hoc basis. Simply put, a
framework is a structure composed of components framed together
to support something. When used to support sustainability assess-
ment and reporting, it includes ‘‘components’’ such as indicators,
conceptual models, principles, criteria, goals, and policies. A frame-
work can be stand alone, or made up of different frameworks,
which, in turn, can include other frameworks. This complexity is
exacerbated as the frameworks are not always conceptualized or
presented with a clear description of the assumptions and prefer-
ences taken into account during their design.

The evaluation of the mining sustainability frameworks pre-
sented here was based on recent works by Ness et al. (2007) and
Hacking and Guthrie (2008). These authors propose techniques to
analyze the main attributes of sustainability frameworks, in order
to help clarify the assumptions of, and consequent confusion sur-
rounding, the sustainability information generated. Ness et al.
(2007) developed a two-dimensional diagram that classifies frame-
works horizontally according to their temporal focus (retrospective
or prospective) and vertically according to the types of indicators
and/or spatial focus. Hacking and Guthrie (2008), for their part,
developed a three-dimensional diagram to understand the differ-
ences among various sustainability frameworks in the context of
impact assessment. These authors devised a cube with three axes.
Each axis corresponded to degrees of either (a) comprehensiveness
of social and environmental topics or indicators; (b) the scale and
scope of assessment, i.e. the degree to which frameworks consider
geographical scale variations; and (c) integration, i.e. the extent to
which frameworks evaluate trade-offs and synergies among sus-
tainability topics or indicators.

This paper draws from these approaches by creating a two-
dimensional diagram, similar to that proposed by Ness et al.
(2007). However, it includes variables considered by both
approaches, including: (a) temporal orientation; (b) geographical
focus; (c) comprehensiveness; (d) integration (trade-offs and
synergies); and (e) scale and scope considerations. Each sustain-
ability framework is plotted horizontally according to its temporal
orientation and vertically according to its degrees of indicator/
topic integration. Degrees of comprehensiveness are described
qualitatively through the size of the sphere of the framework in
the diagram: the larger the sphere, the higher the quantity of
sustainability indicators/topics. Geographical foci and consider-
ations of scale are not displayed in the diagram although they
are evaluated and discussed.

Given the proliferation of sustainability frameworks, this re-
search employed a purposive sampling approach (Babbie, 2010),
i.e. the sample was selected on the basis the of the authors’
judgment about which cases would best represent the frameworks
used by, or proposed, for mining companies, particularly large
ones. Two of the five selected mining sustainability frameworks,
the Global Reporting Initiative (GRI) and the Toward Sustainable
Mining (TSM), are among the most frequently used by large mining
companies, particularly in Canada. The other three frameworks –
seven questions to sustainability (7QS), innovation and technology
driven sustainability performance management framework (ITS-
PM) and Adisa Azapagic’s – were proposed by analysts and aca-
demics, but arguably resulted in little or no implementation on
the ground. These cases reflect a range of approaches used to as-
sess and report mining sustainability. Although it is limited, the
sample allows for an initial glimpse into the emerging practice of
measuring mining sustainability.

The analysis is based on the evaluation of the five frameworks’
documents (e.g. protocols, principles, and progress reports, etc.),
as well as on secondary academic and grey literature. The frame-
works are analysed individually in the sub-sections below. Fur-
ther discussion and synthesis are presented in the following
section.
3. Results: mining sustainability frameworks in the disassembly
line

3.1. Global reporting initiative and the mining and metals sector
supplement (GRI–MMSS)

The GRI framework (GRI, 2011) and its mining and metals sec-
tor supplement (MMSS) (GRI, 2010) is arguably the most widely
adopted sustainability framework in the mining sector. The year
2011 witnessed the publication of 102 reports from mining compa-
nies, 95% of which based on the GRI framework (GRI, 2012). Several
global and national mining associations adopt and promote the GRI
framework among its members (ICMM, 2012b; MCA, 2010; WGC,
2010). The GRI framework has its roots in the accountability field.
It was first piloted in the late 1990s and is now in its third version,
known as the GRI G3.1 (GRI, 2011). This version is made up of sev-
eral guidance documents providing guidance on ‘‘how to report’’
and ‘‘what to report’’, described as follows (GRI, 2010):

– Reporting Guidelines: The guidelines are the cornerstone of the
GRI G3. They set quality and content principles, as well as man-
agerial and performance indicators. The principles for defining
content include materiality, stakeholder inclusiveness, sustain-
ability context, and completeness. The indicators (about 130)
cover several thematic categories, including organizational,
managerial, economic, environmental, social, human rights,
society, and product responsibility issues;

– Sector Supplements: The supplements provide additional guid-
ance and indicators for sector specific issues. One of the supple-
ments is the aforementioned mining and metals sector
supplement; and

– Indicator Protocols: The protocols provide definitions and tech-
nical and methodological guidance on each of the performance
indicators of the guidelines.

The framework’s temporal orientation follows a retrospective
logic, although in an implicit manner (Lenzen et al., 2004). The
GRI–MMSS guides mining companies to assess and report ‘‘past
year’’ performance in connection with various social, environmen-
tal and economic indicators.

The framework is notable for its comprehensiveness. It presents
over 150 indicators of various types. Companies are encouraged to
assess and report on the most material indicators. A GRI G3.1 re-
port is not expect to bring information on all indicators, but only
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on the core ones, as perceived by the companies‘ consulted
stakeholders.

Although seemingly comprehensive in detail, one of the most
notable oversights of this framework is its lack of geographical or
spatial focus. GRI–MMSS is organizationally-centred, similar to
the financial reporting frameworks. Mining companies are re-
quired to assess and report on the performance of the ‘‘organiza-
tion’’ instead of ‘‘mining sites’’ or regions. These requirements
have been virtually absent in practice, although the framework
purports to require companies to take into consideration bound-
aries and spatial context. One possible explanation is that the
framework protocols provide very little technical guidance on
how to contextualize the assessment (McElroy et al., 2008).

Furthermore, the GRI framework follows a ‘‘siloed’’ approach by
considering the various indicators in isolation. The many trade-offs
and synergies among sustainability dimensions are largely over-
looked in the framework (Milne et al., 2008; Moneva et al.,
2006). This is also the case with respect to considerations of scale,
i.e. how performance varies across local, regional, national and glo-
bal scales.
3.2. Azapagic’s sustainable development framework for the mining and
metals industry

Environmental engineer Adisa Azapagic developed an ‘‘en-
hanced’’ framework for mining companies (Azapagic, 2004). Her
framework, proposed in 2003, is an expanded, mining-centred ver-
sion of the second generation of the GRI framework (known as GRI
G2). At that time, GRI had not launched sector-specific indicators
(i.e. MMSS). Azapagic’s work has been cited by nearly 100 articles
on the Scopus Database (2013) and over 200 hundreds on Google
Scholar (2013). Her proposed framework is one of the most influ-
ential in mining-related research. Nonetheless, few, if any, compa-
nies currently adopt Azapagic’s recommendations. This is, in part,
due to the fact that her proposal was based on the out-of-date
GRI G2.

Azapagic’s proposed framework, as a GRI-based framework,
shares the following characteristics with the current GRI G3.1,
namely: (a) retrospective temporal orientation; (b) lack of
spatial/geographical foci requirements; and (c) organizationally-
centred indicators. Nonetheless, Azapagic’s work is more
comprehensive insofar as it enforces reporting on ‘‘all’’ 140 indica-
tors (recall the GRI guides reporting on the most ‘‘material’’ ones).
Moreover, to a certain extent, her framework is more integrative,
as it includes several indicators that link social, environmental
and economic aspects. This difference mirrors the fact that, at the
time Azapagic developed her work, the GRI G2 framework
encouraged organizations to develop integrated measures. Such a
requirement has been dismissed in the GRI G3 version.

The integrated indicators in Azapagic’s framework include
wealth created expressed as profit per employee; environmental
impacts per mass of product sold; and, energy consumption per
mass of product sold. These indicators, however, do not seem to of-
fer a thorough understanding of the potential trade-offs and syner-
gies among the many sustainability dimensions affected by mining
operations. Furthermore, although the integration covers internal
indicators, no attention is given to how internal performance re-
lates to the external environment.

Although Azapagic created a framework that employs a wide
range of indicators, she recognizes that they cannot be aggregated
into an overall index indicative of ‘‘sustainable development’’. She
also recognizes that the framework ‘‘may be more suitable for
large-scale mining and larger organizations, which could afford
the time and resources for its implementation’’ (Azapagic, 2004,
p. 660).
3.3. Innovation and technology driven sustainability performance
management framework (ITSPM) by Arun Basu and Uday Kumar

Environmental scientists Basu and Kumar (2004) also proposed
a sustainability framework for the mining sector, named innova-
tion and technology driven sustainability performance manage-
ment (ITSPM). Their proposed framework, while not as widely
cited as Azapagic’s, has some noteworthy features. This is particu-
larly the case with respect to the emphasis on the roles that gover-
nance, innovation and technology perform in enabling
sustainability performance improvements at the site level.

Unlike the two frameworks above, ITSPM is essentially concep-
tual in orientation. It defines broad pillars of performance (social,
environmental, economic) and foundation areas (multi-stake-
holder governance, technology, innovation) that should support
sustainability goals, but without specific details as to types and
quantity of indicators. Neither criteria for pillar integration nor
considerations of scales are included in the framework. The ITSPM
resembles the GRI–MMSS framework in its embryonic stages. Fur-
ther elaboration of its elements is unlikely to yield meaningful
innovation in the area of framework design.

Both the ITSPM and Azapagic’s work constitute examples of
‘‘theoretical’’ frameworks. While not adopted by mining compa-
nies, these frameworks broaden the repertoire of techniques for
measuring mining sustainability in the sector. ITSPM calls for a
more robust treatment of innovation and technology in the assess-
ment process; Azapagic’s call for integrated, quantifiable organiza-
tional metrics.

3.4. Mining association of Canada’s towards sustainable mining (TSM)

In the early 2000s, the Mining Association of Canada (MAC)
developed a different approach to measuring sustainable develop-
ment in the mining industry: towards sustainable mining (TSM).
Publicly launched in May 2004, the TSM constitutes an evolving
set of guiding principles and performance indicators in key areas.
TSM shares GRI’s retrospective temporal orientation and lack of
integration and scale considerations, but displays significant differ-
ences in terms of quantity of indicators (comprehensiveness) and
geographical focus.

TSM includes a set of 18 indicators across six categories (tailings
management; energy use and GHG emissions management;
aboriginal and community outreach; crisis management planning;
biodiversity conservation management; and safety and health)
(MAC, 2012). In focusing on six categories, TSM misses potentially
relevant sustainability issues. The benefit of such a narrow ap-
proach, however, is that it promotes more reliable and comparable
performance results (Fitzpatrick et al., 2011). In 2005, the Globe
Foundation awarded MAC the Industry Association Award for Envi-
ronmental Performance, acknowledging that this association had
‘‘shown leadership by going beyond regulatory compliance to de-
velop a collective commitment to improved environmental perfor-
mance through research, development and education in
partnership with governments, non-governmental organizations,
communities and other stakeholders’’ (MAC, 2005).

Another relevant aspect of TSM is its clear focus on ‘‘site level’’
performance. TSM was designed to help operational sites improve
their internal performance. In adopting such a clear spatial focus of
analysis, TSM lessens the challenge of dealing with contextual data
from outside the companies’ boundaries. A key benefit of this ap-
proach is that the resulting TSM reports, unlike GRI’s, carries more
objective, quantifiable data that can be consistently aggregated
into sector-wide reports. The MAC periodically publishes TSM re-
ports carrying information from all complying Canadian mining
companies. Currently available data (published annually between
2005 and 2012) provide a fair understanding of how each company
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member and the overall group are improving on particular indica-
tors. Such indicators, however, do not give any sense of whether
companies are progressing or not towards the ‘‘general’’ goal of
sustainability.
3.5. Seven questions to sustainability (7QS)

The seven questions to sustainability (7QS) is one of the main
outcomes of the Mining, Minerals, and Sustainable Development
research project. The North American branch of this project was
responsible for developing an approach to assessing contributions
of mineral projects to sustainability. The result was an integrated
and future-oriented framework known as 7QS (MMSD, 2002).

The 7QS guides decision-makers to answer questions in connec-
tion with seven themes: (1) engagement; (2) people; (3) environ-
ment; (4) economy; (5) traditional and non-market activities; (6)
institutional arrangements and governance; and (7) synthesis
and continuous learning. The framework requires decision-makers
to define ideal answers to each of the seven questions, as well as
specific indicators and metrics for those answers. The 7QS, how-
ever, is not as specific as GRI G3.1 and TSM. Its indicators and met-
rics are to be defined on a case-by-case basis. The 7QS is a ‘‘(. . .)
starting point set of considerations (. . .) not the decision-making
process itself’’ (MMSD, 2002, p. 3). The 7QS ‘‘frames’’ the deci-
sion-making process amid those seven questions, but leaves to
the stakeholders numerous decisions in connection with quantity
and types of indicators, means and degrees of public participation,
criteria for comparing impacts, third-party audit, among others.

The 7QS has a clear spatial focus. It applies to mining projects
(proposed or in operation). Nonetheless, the 7QS includes little or
no consideration of scale effects. The framework does have a more
sophisticated treatment of time, as the seven questions apply to
the life cycle of the mine, spanning exploration through post-
closure phases. This prospective approach enables a better under-
standing of legacy effects, which are one of the most critical in the
mining sector. The 7QS also guides decision-makers to analyze
trade-offs and synergies through its seventh area of questioning:
Does a full synthesis show that the net result will be positive or
negative in the long term? No guidance, however, is provided to
the challenging process of comparing the relative values of mining
projects’ numerous social and environmental impacts.

In 2007, the practical value of the 7QS was corroborated by the
Joint Panel Review of the impact assessment of the proposed
expansion of the Kemess gold-copper mine in Canada. The panel
adopted a somewhat innovative framework to evaluate the pro-
posed mining project, which was based on the 7QS (Fonseca and
Gibson, 2008). The panel’s framework had five, instead of seven,
areas of questioning. It included environmental stewardship;
economic benefits and costs; social and cultural benefits costs; fair
distribution of benefits and costs; present versus future genera-
tions (Jones et al., 2007). Unfortunately, this is one of the few
examples of the framework’s application. In a GRI-dominated
sector, the 7QS appears more like a historical rather than
alternative technique of mining sustainability assessment.
3.6. Categorising mining sustainability frameworks

The main findings are synthesized in Table 1. In spite of their
simplicity, these findings reveal interesting patterns. For example,
four out of the five frameworks had a clear retrospective temporal
focus. Two frameworks were essentially non-integrative, following
a ‘‘siloed’’ approach while overlooking trade-offs and synergies
among sustainability issues. None included considerations of scale
across local, regional and more global levels, a gap that has been
pointed out in previous research (Giurco and Cooper, 2012).
The differences between frameworks can also be seen in the
diagram presented in Fig. 1, which is based on the aforementioned
works of Ness et al. (2007) and Hacking and Guthrie (2008). The
diagram presents boxes indicating categories of frameworks, and
plots, with circles, the five frameworks reviewed here.
4. Discussion

The diagram in Fig. 1 highlights not only some of the key fea-
tures of the reviewed frameworks, it also highlights several other
categories or ‘‘types’’ of frameworks that may inform future frame-
work design in the mining sector. Scholarship in the fields of sus-
tainability assessment (e.g. Hodge, 2006; IISD and OECD, 2010)
suggests that a one-size-fits-all approach is unlikely to emerge
any time soon. It is necessary to have experimentation with time-
frames, integration, life cycle thinking and system dynamics,
among others. Sustainability assessment, while a relatively new
science, has already indicated a plethora of avenues to be explored
(Bebbington et al., 2007; Diesendorf, 2001; Frame and Cavanagh,
2009; Grame and O’Connor, 2011; Moran et al., 2008; Singh
et al., 2009).

Mining stakeholders also need to be aware of the effective role
of current frameworks. The well-known GRI approach, for exam-
ple, is inherently limited. The framework focuses excessively on
organizational data drawn from the past year’s performance of a
company, rather than on trying to understand the future implica-
tions of mining operations to the sustainability of ecosystems
and communities on the ground. Improvement in its potential to
generate meaningful information about mining sustainability is
not just a matter of including or excluding indicators. To be more
effective and informative, the framework requires further elabora-
tion of time and scale framing.

Only two frameworks of those presented above seemed to mir-
ror a more systemic perspective. As discussed above, Azapagic pro-
vides a preliminary attempt, but by no means can capture the
necessary trade-offs and synergies among indicators. The 7QS,
while more integrative and prospective, lacks specific and trans-
parent metrics, a gap that may generate mistrust and confusion
among decision-makers.

One of the most interesting aspects about the frameworks dis-
cussed above is that they all appear to downplay the problem of
scarcity of (proven) mineral reserves, particularly at the global le-
vel. The controversial issue of mineral non-renewability and scar-
city, which has been increasingly discussed since the publication
of The Limits to Growth (Meadows et al., 1992, 1972, 2004), is ad-
dressed in an elusive or limited way. The GRI and Azapagic’s frame-
works guide companies to measure and report input of recycle
materials as well as their managerial approach to material stew-
ardship. The TSM and the ITSPM frameworks do not include indica-
tors directly related to mineral stocks, materials flow, and
recycling, etc. The metrics of these four frameworks focus mainly
on the eco-efficiency of mining operations, which, as Paul Hawken
et al. (1999) note, is only one small part of a web of solutions
needed in sustainable systems. The 7QS go beyond eco-efficiency
while requiring decision-makers to consider legacy effects, i.e.
the extent to which the extraction of minerals at the mining site
translate into net positive gains to the environment and affected
communities. In doing so, the 7QS is aligned with the concept of
‘‘weak sustainability’’, define by Pearce and Atkinson (1993) as a
type of sustainability in which the overall capital stock (renewable,
non-renewable, man-made, and cultural, etc.) is non-decreasing.
Such an approach is disputed by many scholars, who prefer a
stronger approach, in which certain stocks of ‘‘critical’’ capitals
(e.g. non-renewables) should not be substituted or decreased
(Gutés, 1996).



Table 1
A comparative anatomy of the five sustainable mining frameworks.

Characteristics GRI G3.1 Azapagic’s ITSPM TSM 7QS

Usage Used by dozens of the world’s
largest mining companies

Conceptual/theoretical
proposal

Conceptual/
theoretical
proposal

Used by
Canada’s
largest mining
companies

Conceptual/theoretical proposal of the
MMSD Project

Temporal
orientation

Retrospective (past year) Retrospective (past
year)

Retrospective Retrospective
(past year)

Prospective (mine life cycle)

Spatial or
geographical
focus

Organizational-centred.
Unclear spatial boundaries and
criteria for aggregating data
from multiple sites

Organizational-centred Mining site
(operating)

Mining site
(operating)

Mining site (project or operating)

Comprehensiveness
(quantity of
indicators/topics)

Quantity of assessed/described
topics or indicators, may vary
from just a few to almost 200,
across several categories

140 indicators, across
several categories

Unclear, but
covering social,
environmental,
and economic
categories

18 indicators
across 6
categories

Not specified, but focused on seven
dimensions

Integration (silos
versus system)

Overlooked Some consideration for
relationships among
social, economic and
environmental impacts

Overlooked Overlooked Considered, but poorly specified

Scale effects Overlooked Overlooked Overlooked Overlooked Overlooked
Definition of

sustainability
Based on the our common
future report (WCED, 1987)

Based on the our
common future report
(WCED, 1987) and
findings of the MMSD
project

Based on our
common future
report (WCED,
1987)

Based on the
our common
future report
(WCED, 1987)

Unique conceptual interpretations, such as:
sustainability ‘‘(. . .) is much more than
environmental protection in another guise.
It is a positive concept that has as much to
do with achieving wellbeing for people and
ecosystems as it has to do with reducing
stress or impacts.’’ (2002, p. 7)

Source: Adapted from, and inspired by, Barry Ness et al (2007) and Hacking and Guthrie (2008).

Fig. 1. Categories of mining sustainability frameworks.
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None of the frameworks analysed here guide decision-makers
to systematically consider changes of minerals stocks in the
ground, let alone across geographical scales. What seems to be
driving those frameworks is less the need to preserve minerals to
future generations and more the need to ensure performance
improvements in connection with some environmental, social
and economic areas. With the exception of the ITSPM and the
GRI, the frameworks do not emphasize the important roles of min-
eral recycling and technology innovation in promoting
sustainability.

In light of the obvious limitations of current frameworks, schol-
ars are continuously proposing new approaches to assessing and
reporting mining sustainability. For example, Worrall et al.
(2009) proposed a unique indicator framework to measure pro-
gress towards sustainability in the context of legacy mined land.
Jin Yu et al. (2005) developed a framework applicable to mining
cities in China. Joseph Fiksel (2006) proposed a systems-based
framework that is supposed to capture the flows of materials
(including minerals) across the globe, thus revealing whether na-
tions’ material consumption is being decoupled from economic va-
lue creation. Tracy Lydiatt et al. (2008) proposed the application of
The Natural Step (TNS) framework to mining projects. The TNS
framework, developed by the cancer scientist Robèrt (2000), has
a principle that is apparently incompatible with mineral develop-
ment, i.e. that the concentrations of substances extracted from
the Earth’s socio-ecological systems should not systematically in-
crease. Numerous other examples of sustainability frameworks
applicable to the mineral sector are presented in global confer-
ences, such as the Sustainable Development Indicators in the Min-
erals Industry, held bi-annually since 2003 (SDIMI, 2013).

In spite of the multiplication of mining sustainability frame-
works, the scholarship still seems to lack a sense of the desirable
principles to be observed in the design of measurement and report-
ing systems. Four out of the five frameworks analysed here, while
explicitly endorsing the famous definition of sustainable developed
coined by the Our Common Future report (WCED, 1987), drew their



Table 2
Current versus desirable approach to gri-based sustainability reporting according to
the BellagioSTAMP principles. Source: Fonseca et al. (2013)

Framework
assessment and
reporting aspects

Current GRI-based
approach

Desirable approach

Guiding vision Sustainability, overlooking
the need to operate within
the capacity of the
biosphere

Sustainability, respecting
the need to operate within
the capacity of the
biosphere

Conceptual
framework

Tacit, non-systemic and
issues-based

Explicit, geographically-
based and scale-based

Evaluation of
trade-offs and
synergies
within and
across systems

Overlooked Assessed, justified, and
explained

Geographical
scope

Weakly addressed Implemented from local to
global (facility level,
regional/national-level,
and global level reports)

Temporal
orientation

Predominantly
retrospective

Retrospective and
prospective, with scenario
building or forecasting/
backcasting techniques,
allowing understanding of
legacy effects

Types of indicators Non-integrated, mostly
pressure and response

Non-integrated and
integrated, addressing
pressure, state, and
response, as well as
relationships among them

Disclosures of
assumptions
and
uncertainties

Limited Thorough
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indicators, protocols, policies and principles from different bodies
of literature. It is safe to argue that the different approaches to
measuring sustainability in the analysed sample are not a result
of conflicting definitions of sustainability, but of conflicting princi-
ples and assumptions on how to measure it.

Few institutions or scholars have attempted to develop princi-
ples on sustainability assessment and reporting. A notable excep-
tion is the ‘‘Bellagio Principles for Sustainability Assessment
principles’’. The Bellagio Principles are not yet another framework;
rather, they constitute a set of generic principles that can be used
to design new frameworks. The first version of the Bellagio Princi-
ples included 10 principles that were unanimously endorsed in
Bellagio, Italy, in 1996. These principles were revised in 2009 by
the IISD and OECD to become more influential and concise, while
reflecting the newest scientific and political context. The newest
version includes eight principles, concisely known as Bellagio-
STAMP, which includes various requirements within the following
categories: (1) guiding vision; (2) essential considerations; (3) ade-
quate scope; (4) framework and indicators; (5) transparency; (6)
effective communication; (7) broad participation; and (8) continu-
ity and capacity (IISD and OECD, 2010).

Recently, Fonseca et al. (2013) used the BellagioSTAMP princi-
ples 1–4 to evaluate the ‘‘soundness’’ of the GRI G3 framework
and its mining and metals sector supplement. Their main findings
can be seen in Table 2.

Fonseca et al. (2013) conclude that the GRI approach to assess-
ing and communicating mining contributions to sustainability has
gaps within each of the analyzed BellagioSTAMP principles. Filling
those gaps would demand, at a minimum, a more systematic con-
sideration of site-level performance, scenario building, and legacy
effects in the framework. Nonetheless, it is important to note that
the BellagioSTAMP principles were not designed specifically for the
mining context. Authors from different backgrounds, when adopt-
ing the same principles, might have different interpretations on
their practical implications, thus achieving different results.

The BellagioSTAMP principles are important, but not nearly suf-
ficient for the purpose of settling the debate around mining sus-
tainability metrics. Today, mining companies genuinely
interested in understanding their potential contributions to sus-
tainability have no other choice but to adopt a combination of
assessment frameworks. Such a combination, however, will not re-
veal an overall sense of sustainability, but fragmented (and likely
contestable) information that can only be useful in specific
contexts.
5. Conclusions

This paper described, compared and analysed five mining sus-
tainability assessment and reporting frameworks used by or pro-
posed for companies and industry associations. Four out of the
five analysed frameworks were found to follow a predominately
retrospective siloed approach to assessing mining sustainability,
while overlooking trade-offs and synergies among sustainability
dimensions. None of the frameworks seemed fully capable of shed-
ding light on the problem of scarcity of mineral resources and the
effective legacy of mineral operations across geographical scales.
Overall, the paper highlights the value of further researching and
developing mining sustainability assessment frameworks.

Future studies should analyse and compare other frameworks,
based on more specific criteria and diagrams, making evident addi-
tional limitations and implications of current designs. Most impor-
tantly, future studies should try to understand how best to treat
time, space, scales, indicators, among other elements, in the design
of frameworks, thus generating measurement and reporting
knowledge to the mining sector. As discussed above, the Bellagio-
STAMP principles, while valuable, are too generic; their implica-
tions to the assessment of mining operations may be interpreted
in various ways by stakeholders. Without a set of sector-specific
measurement principles, it will be hard to dispute the oxymoronic
nature of the expression ‘‘sustainable mining’’ and demonstrate the
long-term viability of mineral extraction at the site, regional and
global levels.
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