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Abstract: This paper critically reviews and identifies gaps in the methodologies used to analyze the 

environmental impacts of mineral and metal global supply chains. Of specific focus are assessments of the 

extraction and production of minerals and metals needed for a low-carbon energy future. Current trends 

and projections suggest that the future low-carbon energy system will have greater material needs than the 

current one. Thus, it is important to better understand the full impacts of increased resource extraction to 

help ensure a sustainable and just transition. This review reveals that existing methodologies are currently 

insufficient in capturing the full suite of environmental, social, and governance (ESG) concerns. The copper 

supply chain is used as a case study to highlight areas that require refined or augmented methodologies, 

with an in-depth examination of the corporate practices of Freeport McMoRan, Vale, and BHP. Together, 

this review of existing methodologies and examples from the copper supply chain highlight the incomplete 

and variable nature of environmental and climate reporting within the mining industry. Areas for future 

work are defined with the goal of advancing accounting frameworks for the mining industry and the 

associated supply chain. 

 Keywords: Decarbonization pathways; Environmental impacts; Sustainability; Mineral supply chains; 
critical materials security  

1. Introduction 

While low-carbon technologies have become economically competitive over the past decade, they 

also have relatively high material needs and different environmental impacts than the current energy system. 

A steadily growing body of reports and forecasts examining the demand for materials required for the 

energy transition has shown that an unprepared extractive industry could struggle to keep up with rapid 

increases in demand, and in some cases exceed current reserves by 2050 [1]–[9]. In particular, an analysis 

by the World Bank of total mineral demand for renewable power and energy storage shows that up to 200 

million tons of iron, 100 million tons of aluminum, and the 30 million tons of copper might be required for 

wind, solar, and battery storage alone [1]. Similarly, increases in demand for other minerals and metals used 

in low-carbon technology may also increase dramatically, as seen in Figure 1 [10], [11]. Given the global 

climate goals tied to 2050, meeting the mineral requirements for the energy transition is of key strategic 

importance. 

While material estimates serve as a first-order indication of scale, economists, e.g. Tilton et al. 

(2018), argue that material shortages will be short-lived (if at all), and Mudd and Jowitt (2018) argue that 

the key factors governing mining and mineral extraction are not physical in nature, but social, 

https://paperpile.com/c/kJXX2f/t3LLK+u7zxT+qJ0JM+zzdqn+hqPv7+rtFgc+qjACT+i1HMr+g7bD7
https://paperpile.com/c/kJXX2f/IidOD+4Th9
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environmental, and economic [12], [13]. Following this, and the strong relationship between developing 

economies and the extractive industry, Environmental, Social, and Governance (ESG) reporting has become 

a focal point for mining corporations looking to address a legacy of environmental degradation and the 

numerous environmental uncertainties surrounding increasing extraction of  resources [11]. 

As there is no universally accepted or enforced international regulation, nor any global market 

driven certification schemes, the extractive industry has turned internally to ESG propositions, 

sustainability reports, and other voluntary disclosures to relay “impact on critical sustainability issues such 

as climate change, human rights, governance and social well-being” [14, p1][11]. Public acknowledgement 

of these concerns has led to calls for increased transparency from mining operations, but they are still not 

well understood [11][33][60]. Among these, environmental impacts are perhaps the most mischaracterized 

despite their strong relationship with social and governance considerations. Climate agreements and 

advocacy groups for renewable technologies have presented the environmental impacts of resource 

extraction as a global problem that requires global solutions. To this end, virtually every nation on Earth 

has adopted the Paris Agreement with the understanding that emissions can be quantified, controlled, and 

regulated [15]. Nations troubled by conflicts and extreme poverty have signed the agreement with the 

understanding that the global environment can be independent the numerous social and governance issues, 

and that developmental changes can be implemented. Ultimately, companies are responsible for making 

changes to align their operations with the Paris Agreement; the mining industry has played a role in these 

developments, but their ability to report on, yet alone address, these changes can no longer be considered 

adequate. While indicators and reporting systems exist for geological, technical, structural, political, 

regulatory, and economic supply risks within the industry, “there is currently no holistic method and 

information system for environmental concerns associated with the mining of raw materials” [16, p1]. 

With no universal methodology that can assess environmental impacts consistently for minerals 

and metals, how effective are the current frameworks at relaying relevant environmental concerns? How 

effectively are international environmental concerns being assessed and governed? What does this mean 

for the energy transition? To answer these questions, this review presents a problem-oriented perspective 

aimed at identifying gaps in the current reporting of environmental issues across the mineral and metal 

supply chains supporting the energy transition. Of specific concern are environmental impacts from 

extraction and production of minerals and metals.  

Published ESG reports, greenhouse gas (GHG) calculation standards, reporting questionnaires, and 

academic literature were collected and evaluated to understand potential flaws and points of contention [1]-

[98]. CDP reports for the 2018 reporting year formed the initial data source due to their consistent structure 

and organization. The reports chosen were based on mineral production quantities. Of the top 10 copper 

producers, only six reported to CDP, and only 5 are members of the ICMM [42], [44], [89]. From these 5 

companies, 2018 Global Reporting Initiative (GRI) reports were used as secondary sources to compare 

required disclosure categories [90-98]. Inconsistencies and changes in relative focus between companies 

and their reports were categorized and are outlined below. They were then further contextualized through 

https://paperpile.com/c/kJXX2f/NzGyl+Q3TrH
https://paperpile.com/c/kJXX2f/4Th9
https://paperpile.com/c/kJXX2f/d0rO
https://paperpile.com/c/kJXX2f/4Th9
https://paperpile.com/c/kJXX2f/gdnDp
https://paperpile.com/c/kJXX2f/HLTt
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full-length peer-reviewed academic papers comparing GRI reports, mining disclosures, and emissions from 

mineral sources. This review then focused on grey literature and white papers that were used within GRI 

methods, GHG protocol methods, and CDP questionnaires. From this, copper was chosen as a case study 

due to its critical role in renewable technologies, its production by many of the world’s largest mining 

companies, and its complex emissions life cycle. Unlike steel or aluminum production, which has its 

primary climate impacts on processing, copper has GHG emissions associated with extraction, hauling, 

comminution, and processing. Discrepancies among reporting methods and relevant background 

information were organized into effective categories to form the sections of this paper.  

The remainder of the paper is structured as follows: Section 2 reviews the current environmental 

impacts of mining. Section 3 evaluates the state of corporate mining reports. Section 4 analyzes what is 

generally included in reports, whereas Section 5 discusses missing information along the supply chain. To 

put all of this into context, and also offer a timely empirical case study, Section 6 evaluates copper’s 

representation on corporate mining reports. Section 7 concludes with areas for future investigation. 

 

2. Current Environmental Impacts of Mining 

 Environmental impacts from the mining industry include GHG emissions, ecotoxicity impacts, and 

human toxicity impacts, as outlined by the United Nations in their annual resources outlook report and 

Figure 1 [17]. In the mining industry, these impacts primarily come from the common metals that account 

for >95% of global domestic extraction, namely iron, steel, aluminum, and copper [17]. However, the 

materials needed for the energy transition can compound these environmental concerns. With many 

renewable materials expected to rapidly increase in demand, new climate change impacts and toxicity 

sources are likely. It is therefore important to understand the potential environmental impacts of both 

common metals and specific materials needed for renewable technology.   

https://paperpile.com/c/kJXX2f/8UFGt
https://paperpile.com/c/kJXX2f/8UFGt


 

4 

 

Figure 1: Metal production amounts and environmental impacts of metal mining and processing from 
2000 to 2015 (selection of 10 metals covering > 95 per cent of global domestic extraction of metal ores in 

2015) [17] 

Despite attempts at improved governance and better corporate management, procurement of many 

mineral and metal resources remains environmentally capricious and, in some cases, a source of conflict at 

the sites of resource extraction [18].  Due to lack of preventative strategies and measures, such as drilling 

with water and proper exhaust ventilation, many cobalt mines throughout the Democratic Republic of the 

Congo (DRC) contribute to deforestation, tailings pollution, landslides, dust, and fugitive emissions from 

diesel generators and trucks (Figure 2) [19], [20]. Mining for copper, needed for electric wires and circuits, 

thin-film solar cells, as well as lithium, used in batteries, has been criticized in Chile for depleting local 

water resources across the Atacama Desert, destroying fragile ecosystems, and converting meadows and 

lagoons into salt flats [21].  The extraction, crushing, refining, and processing of cadmium, a byproduct of 

zinc mining, into compounds for thin-film photovoltaic modules that use cadmium telluride or cadmium 

sulfide semiconductors, can lead to groundwater or agricultural soil contamination, or worker exposure to 

hazardous chemicals (cadmium chloride), and occupational air pollution [22]. Rare earth minerals, such as 

neodymium, are needed for magnets in electric generators and motors, electric vehicles, and the fluid 

catalysts for shale gas fracking. But their mining in China has resulted in chemical pollution from 

ammonium sulfate and ammonium chloride that now threaten rural groundwater aquifers as well as rivers 

and streams [23]. 

 

 

https://paperpile.com/c/kJXX2f/8UFGt
https://paperpile.com/c/kJXX2f/WxP5p
https://paperpile.com/c/kJXX2f/xnz0Z+aDPov
https://paperpile.com/c/kJXX2f/fPVke
https://paperpile.com/c/kJXX2f/C3f31
https://paperpile.com/c/kJXX2f/sGqBe
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Figure 2: The multi-dimensional environmental impacts of copper and cobalt mining in the 

Democratic Republic of the Congo (DRC) [24] 
 

Mining and metals processing also have substantial carbon footprints. Due to its large ore volumes 

and high processing needs, the global iron-steel production chain is already responsible for as much as 7-

9% of direct global greenhouse gas (GHG) emissions [25], [26]. When combined with aluminum’s high 

energy requirements and copper’s processing impacts, the three metals have come to represent more than 

one-quarter of global industrial energy demand and associated emissions (Figure 3) [17]. In consideration 

with other commonly produced minerals and metals, the climate (global) and health (local) impacts from 

extraction and production has nearly doubled between 2000-2015, and represent over 10% of global GHG 

emissions, and 12% of global particulate matter health impacts [17], [27]. When including non-metallic 

https://paperpile.com/c/kJXX2f/4xG9X
https://paperpile.com/c/kJXX2f/Q1ldp+s6slv
https://paperpile.com/c/kJXX2f/8UFGt
https://paperpile.com/c/kJXX2f/VY89x+8UFGt
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minerals, the extractive industry accounts for as much as 20% of global GHG and 20% of global particulate 

matter emissions [17] (Figure 3). 

Figure 3: Mineral Growth as a percentage of 2017 production to 2050 (only) [11] 

 

Looking at future trends, environmental impacts may grow, rather than recede, and large increases 

in mineral and metal demand specifically for the energy transition can compound environmental concerns. 

The Institute for Sustainable Futures’ report Responsible Minerals Sourcing for Renewable Energy explores 

some of these “hotspots”[28, p1], and found significant environmental impacts associated with the mining 

and processing of these metals [28]. For the 14 materials needed for renewable technologies that they 

explored, they found issues with large volumes of solid waste, harmful chemicals, heavy metal 

contamination (air, water, and soil), water shortages, tailing spills, and broader health impacts for workers 

and surrounding communities [28].  Increases in cumulative demand through 2050 for cobalt, lithium, and 

rare earths were found to be of specific concern due to the rapid growth of vehicle electrification and the 

acceleration of battery storage technology (Figure 4) [28]. For cobalt, 65% of the world's supply comes 

from the Democratic Republic of the Congo,  which has a history of environmental and social abuse, and 

is part of one of the 10 most polluted places on Earth (African Copper Belt) [28], [29]. Rare earth elements 

(REEs) have also already caused significant problems in China due to toxic chemicals and the 

technologically-enhanced, concentrated, radioactive materials from REE processing and extraction [23], 

[28]. Lithium brine extraction, while less energy intensive than other processes, poses potential problems 

due to an expected 1000% increase in demand and the lack of long-term environmental investigations into 

the extraction’s effects on one of the most arid locations on Earth [28]. 

The ability to track mineral and metal sources is also becoming increasingly relevant, both to 

capture the full environmental impacts of a material, and because impacts are often disproportionately felt 

https://paperpile.com/c/kJXX2f/8UFGt
https://paperpile.com/c/kJXX2f/4Th9
https://paperpile.com/c/PPIJao/IOOVR
https://paperpile.com/c/kJXX2f/wdhhK
https://paperpile.com/c/kJXX2f/wdhhK
https://paperpile.com/c/kJXX2f/wdhhK
https://paperpile.com/c/kJXX2f/8wNAK+wdhhK
https://paperpile.com/c/kJXX2f/wdhhK+sGqBe
https://paperpile.com/c/kJXX2f/wdhhK+sGqBe
https://paperpile.com/c/kJXX2f/wdhhK
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by developing countries. Increases in mineral demand present numerous opportunities for low-income 

countries focused on resource extraction and processing, but also can mean that operations may take place 

in environmentally sensitive areas such as forests, rivers, and coastlines, and sometimes without robust 

governance structures and regulations in place [30]. The 2017 Resource Governance Index found that across 

different minerals, on average, 37 percent of mineral reserves are in countries with a mix of strong and 

problematic areas of resource governance [30]. These problematic areas imply that resource extraction can 

help society, but it is likely that the eventual benefits to the surrounding areas will be weak [30]. A further 

7 percent of minerals were in countries that have minimal procedures and practices to govern resources, 

where most of elements necessary to ensure societal benefits were found to be missing [30]. Countries with 

weak of poor governance are less likely to adopt policies that can benefit citizens, communities, 

environmental health, and mining operations[30]. 

 

Figure 4a: Minerals used in selected transport technologies [31] 

https://paperpile.com/c/kJXX2f/yHwNa
https://paperpile.com/c/kJXX2f/yHwNa
https://paperpile.com/c/kJXX2f/yHwNa
https://paperpile.com/c/kJXX2f/yHwNa
https://paperpile.com/c/kJXX2f/yHwNa
https://paperpile.com/c/kJXX2f/BNFsl
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Figure 4b: Minerals used in selected electricity supply technologies [31] 

 

Figure 4c : Geographic concentration of supply chains [31] 

   

McKinsey and Company’s 2020 report on climate risk for mining companies warns of climate 

change hazards “increasing physical challenges to mining operations”[32, p1], with water stress and 

flooding being direct challenges that operators will need to overcome [32]. Analysis of the MineSpans 

database for copper, gold, iron ore, and zinc, found that 30-50% of production already occurs in areas with 

high water stress, and that “these hot spots will worsen in the coming decades” [32, p3]. While more capital-

intensive approaches and water intensity reductions can help to mitigate negative effects, shifting demand 

for minerals, and calls for the industry to decarbonize, present their own problems. With coal representing 

50% of the global mining market and “the most obvious victim”[32, p5] of shifts to global decarbonization, 

https://paperpile.com/c/kJXX2f/BNFsl
https://paperpile.com/c/kJXX2f/BNFsl
https://paperpile.com/c/PPIJao/kBKTw
https://paperpile.com/c/kJXX2f/4CyR
https://paperpile.com/c/kJXX2f/4CyR
https://paperpile.com/c/PPIJao/kBKTw
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many mining companies will need to rebalance non diverse mineral portfolios and begin considering the 

impacts of a circular economy [32]. Production of niche commodities can help to manage losses, but 

companies also need to look at decarbonizing through several operational levers (Figure 5), with the 

understanding that “building a climate strategy won’t be quick or easy - but waiting is not an option” [32, 

p1]. 

 

 

Figure 5 : Pathways for mitigating the greenhouse gas emissions in mining[33] 

 

3.   Evaluating the state of Corporate Mining Reports 

3.1 Background 

A mix of emerging sustainable development concepts being applied within industry, high ESG 

sector risk analyses (Figure 6), and global commodity markets, have all resulted in increasing economic 

pressure for mining companies to report and reduce their environmental impacts. For example, a KPMG 

survey of corporate sustainability reporting found that 93% of the world’s largest 250 companies now 

publish sustainability reports, while the CDP claims that over 8,400 companies have reported through them 

regarding climate change, water security, and forest health [34], [35]. A core tenet of the literature on 

corporate social responsibility is that private firms must not only meet their fiduciary responsibility to 

shareholders and their legal responsibility to avoid fraud and illicit activities; they must also promote a 

broader social agenda. This agenda frequently includes facilitating the prosperity of communities, 

https://paperpile.com/c/kJXX2f/4CyR
https://paperpile.com/c/kJXX2f/4CyR
https://paperpile.com/c/kJXX2f/4CyR
https://paperpile.com/c/kJXX2f/OiwqC
https://paperpile.com/c/kJXX2f/YVvVZ+eOXpt
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minimizing environmental degradation, and contributing to the creation of safe and peaceful societies with 

strong institutions and equitable distribution of costs and benefits [36].  Gallarotti (1995) even suggested, 

writing more than two decades ago, that the business community was beginning to shift towards “green 

consumption,”[37, p43] a transition that had the potential to create “a new business ecosystem”[37, p50] 

enhanced by the principles of human rights, transparency, and sound governance [37]. 

For the mining industry, their substantial role in sustainability reporting began after an economic 

and social crisis in the mid-to-late 1990s which threatened the industry’s “social license to operate”[38, p1], 

and resulted in the creation of the International Council of Mining and Metals (ICMM) [38]. 

 

Figure 6: ESG sector risk analysis [39] 

Following its formalization in 1999, the Global Mining Initiative (soon to become the ICMM), 

began working closely with the Global Reporting Initiative (GRI) to develop a reporting supplement aimed 

at “a clearer understanding of the positive role the mining and minerals industries can play in managing the 

transition to sustainable development” [38, p18], [40][38], [40]. Membership to the ICMM now requires 

that companies report their sustainability impacts in accordance with the GRI’s Mining and Metals Sector 

Supplement, and seek independent assurance of their reports [41]. The ICMM now includes 26 of the 

world's largest mining and metals companies, and 35 associations aimed at addressing  “the core sustainable 

development challenges faced by the industry” [42, p1]. The mining industry has also started reporting to 

independent organizations such as the CDP, Science Based Targets (SBT), and Task Force on Climate-

Related Financial Disclosures (TCFD), who help structure sustainability reporting and maintain the 

disclosures as a primary source for a company's ESG developments. 

https://paperpile.com/c/kJXX2f/P0tqp
https://paperpile.com/c/PPIJao/mopcd
https://paperpile.com/c/PPIJao/mopcd
https://paperpile.com/c/kJXX2f/VkWJb
https://paperpile.com/c/PPIJao/NwP4G
https://paperpile.com/c/kJXX2f/6sZv
https://paperpile.com/c/kJXX2f/1XAhS
https://paperpile.com/c/kJXX2f/JY0m+6sZv
https://paperpile.com/c/kJXX2f/JY0m+6sZv
https://paperpile.com/c/kJXX2f/VuLwX
https://paperpile.com/c/kJXX2f/CZsYn
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3.2 Numerous reporting initiatives and standards 

The GRI and other reporting frameworks are meant to measure relevant environmental indicators, 

but corporate reports by the mining industry are not standardized and often struggle to weigh relevant 

inclusions and explanations. The numerous changes in reporting requirements (Figure 7)  have progressed 

through consumer/investor pressures to use disclosure programs that offer unique insights and indicators 

for specific environmental impacts or concerns related to the energy transition [42]–[45]. CDP’s 

quantitative focus is meant to simplify and standardize GHG emissions reporting while empowering 

“investors, companies, cities, and national and regional governments to make the right choices... for people 

and planet in the long term” [35, p1]. The TCFD aims to “help firms understand what financial markets 

want from disclosure in order to measure and respond to climate change risks”[46, p1]. A company’s GRI 

guided sustainability report is meant to “demonstrate(s) the link between its strategy and its commitment 

to a sustainable global economy”, and promotes “climate change, human rights, governance and social well-

being” [14, p1]

https://paperpile.com/c/kJXX2f/CZsYn+k8CY3+ISrFJ+wvc6G
https://paperpile.com/c/kJXX2f/eOXpt
https://paperpile.com/c/kJXX2f/abKeX
https://paperpile.com/c/kJXX2f/d0rO
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                                                             Figure 7: Mining company reporting relationships and requirements  
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The issue with these developments is that there is no underlying framework to identify the specific 

interactions between the mining industry and the environment, or to enable the selection and 

operationalization of the most relevant environmental indicators [47]. Each initiative varies in status (legal 

requirement vs. voluntary disclosure), scope (climate vs. impacts), and ambition(discourse vs. strategy), 

which is meant to present an encompassing picture of ESG developments, but instead forces companies to 

focus on specific ‘silos of sustainability’ within their organization and balance what is relevant for specific 

disclosures and what is financially best for their company [47], [48].  Depoers et al. (2016)  illustrates this 

point in its study of SBF 120 (Société des Bourses Françaises 120 Index) firms, where it was found that 

managers adapt their disclosure strategy to address the information needs of different stakeholder groups 

by changing sources, traceability, and inclusions [49]. In promoting the analysis of dozens of indicators 

that neglect interactive effects and “the state of the socio-ecological systems from which they are 

drawn”[47, p73], there is an overt emphasis on individual metrics and not a company’s actual sustainability 

practices [47]. 

This focus on individual metrics and general indicators can be seen at the end of almost every 

published sustainability report, where mining companies provide content indices on what metric was 

addressed, the response, the page number it can be found, what sustainability principles it was supposed to 

meet, if it has external assurance, and why it counts as a sufficient response. This is especially relevant for 

the extractive industry, where the sale of anonymous, primary goods creates the “essential conflict between 

financial and other bottom lines, which, for the foreseeable future at least, the financial will always win” 

[47, p72], [50]. With no market differentiation, and operating under a collective industry reputation, the 

appearance of sustainability becomes just as valuable as actual practice. This often leads to companies to 

report with numerous initiatives, without the additional initiatives having dramatic effects on reporting. 

Mark Carney, Chairman of the Financial Stability Board, conveyed this best when introducing the TCFD 

in 2015 [51]. With nearly 400 initiatives aimed at relaying the costs, opportunities, and risks associated 

with climate change, meeting effective disclosure standards requires coordination, and “the existing surfeit 

of existing schemes and fragmented disclosures means a risk of getting ‘lost in the right direction’” [51, 

p1]. Similar challenges exist within the Extractive Industries Transparency Initiative (EITI) which seeks to 

foster accountability and minimize corruption in the oil, gas, and mining sectors, but often has mixed 

outcomes in its ability to promote broader improved governance or sustainability [52], [53]. 

  

3.3 Comparability 

The lack of contextualized disclosures for the mining industry limits sustainability reporting 

initiatives, and users of their data, in their ability to convey a company’s progress towards sustainability. 

Constructive critiques of reporting methodologies specifically cite the lack of guidance for geographic 

variations, scales, and interactive effects as major drawbacks [47]. These are especially prominent when 

https://paperpile.com/c/kJXX2f/ox5Lo
https://paperpile.com/c/kJXX2f/skBiy+ox5Lo
https://paperpile.com/c/kJXX2f/IxECL
https://paperpile.com/c/kJXX2f/ox5Lo
https://paperpile.com/c/kJXX2f/ox5Lo
https://paperpile.com/c/kJXX2f/z22st+ox5Lo
https://paperpile.com/c/kJXX2f/JvzxE
https://paperpile.com/c/kJXX2f/JvzxE
https://paperpile.com/c/kJXX2f/JvzxE
https://paperpile.com/c/kJXX2f/SnenN+7W5DI
https://paperpile.com/c/kJXX2f/ox5Lo
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considering the environmental impacts of different production routes, as they can reflect everything from 

“ore mineralogy and grade, mining type and available technologies, to resources for the mining and 

processing” [33, p100]. Further, with a large number of multinational feed streams, waste streams, by-

product streams, and energy inputs associated with mining and processing, reporting frameworks are not 

capable of characterizing the entire supply chain of a mineral, or of specific production challenges. For the 

energy transition in particular, it is especially necessary to be aware of environmental reduction levers 

(Figure 5), including the feasibility of adopting renewable technologies, and the regional energy mixes.  

 

Figure 8: Impacts of the iron and steelmaking sector [17] 

The scope and scale of environmental concerns is not limited to minor metals, but also to minerals 

and metals with established markets. For the steel industry, with a large global production chain, these 

influences can be seen in Figure 8. For example, the United Nations Global Resources Outlook reported 

that the first processing step in the primary production of steel accounts for more impacts than the iron ore 

extraction phase for all reported indicators, and the climate change impacts for secondary steel production 

can vary as much as 10-38% due to the electricity mixes between countries (Figure 8)  [17]. This has led 

many companies to attempt to curb their Scope 3 emissions, both upstream and downstream. For companies 

like Rio Tinto, who sell large amounts of iron ore to China, they have attempted to curb their Scope 3 

emissions by pledging $400 million to help reduce their customer China Baowu Steel Group’s emissions 

[54]. They hope to reduce their own supply chain emissions through their clients use of less metallurgical 

coal, transportation optimization, and possibly the unproven commercialization of hydrogen steel [54]. 

These changes and developments are in contrast to reports by American copper producing companies who 

state that truck haulage is a focused concern for both cost and GHG emissions, and that through site 

development and falling ore grades, “trucks are required to move ore farther distances to processing 

facilities” [55, p26], [56]. With different focuses on environmental concerns and different reduction levers 

(Figure 5), using generalized reporting initiatives to compare environmental pathways and emission 

https://paperpile.com/c/kJXX2f/OiwqC
https://paperpile.com/c/kJXX2f/8UFGt
https://paperpile.com/c/kJXX2f/8UFGt
https://paperpile.com/c/kJXX2f/slZFh
https://paperpile.com/c/kJXX2f/slZFh
https://paperpile.com/c/kJXX2f/IIGva+WpXkO
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reductions is not comprehensive. In the context of global production networks and international supply 

chains, the dismissal of holistic and systemic perspectives diminishes comparability and assessment of 

progress [47], [57] . 

3.4 Quantitative Comparisons 

The lack of contextualized disclosures can limit comparability between sustainability pathways, yet 

more focused and quantitative guidance can also fail to encompass relevant environmental considerations. 

Investigations into comparing quantitative aspects of sustainability reports for mining and processing 

companies have found that “it is impossible...in a credible manner” and not useful  “to classify firms on this 

basis” [57, p25]. Henri and Boiral’s 2015 study of mining sustainability reports compared only A or A+ 

GRI reports (the highest rated) and still ran into issues including: 

 

1.   measuring unmeasurable or unspecific information 

2.   comparing incomparable measurements 

3.   interpreting incomplete or ambiguous information 

4.   analyzing opaque or self-proclaimed reports 

  

The study found that “less than 50% of all GRI indicators focused on quantitative 

measurements,”[57, p16] while the rest were unmeasurable and unspecific [57]. The result was a sea of 

words or “tower of Babel syndrome” [58, p1] that makes it difficult to interpret differentiating criteria while 

giving firms a great deal of freedom in how they responded and what they presented [57] [58]. Critical 

information, such as weight of transported hazardous waste, was often incomplete or completely absent, 

while companies like Codelco wrote as much as 20 pages on renewable energy, salmon farming, and 

educational projects in Chile (2008), and Newmont more than 60 pages on the firm's sustainability 

management system [57].  

The complications of having accurate, topical, and substantive measurements were further 

exacerbated by the existence of several affiliate organizations and different levels of data aggregation, even 

among single reports. Companies such as Rio Tinto were able to disclose information both with and without 

Alcan (a subsidiary purchased in 2007) depending on the indicator they were reporting, all while 

maintaining an A or A+ reporting score [57]. Even among CDP reports, Andre and Cortese (2012) 

examined disclosures of metals and mining companies operating in the Australasian region to determine 

whether voluntary information can provide a meaningful basis for climate change related decision making 

[59]. While acknowledging the important work the CDP undertakes, the combination of various disclosure 

methods, and the absence of emissions data, compounded difficulties and led to the conclusion that “the 

CDP information is not comparable, and by extension, limited in its usefulness” [59, p14]. 

https://paperpile.com/c/kJXX2f/ox5Lo+2qKoS
https://paperpile.com/c/kJXX2f/2qKoS
https://paperpile.com/c/kJXX2f/2qKoS
https://paperpile.com/c/kJXX2f/2qKoS
https://paperpile.com/c/kJXX2f/MtrRt
https://paperpile.com/c/kJXX2f/2qKoS
https://paperpile.com/c/kJXX2f/MtrRt
https://paperpile.com/c/kJXX2f/2qKoS
https://paperpile.com/c/kJXX2f/2qKoS
https://paperpile.com/c/kJXX2f/J1R25
https://paperpile.com/c/kJXX2f/J1R25
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4. Common Evidence and Themes within the Literature  

 Notwithstanding these drawbacks, corporate mining reports serve a significant purpose. In this 

section we show they do establish a common ground for evidence, albeit emerging and often incomplete, 

on greenhouse gas emissions, LCA-based calculations, and impacts in developing countries.  

4.1 GHG Emissions 

Whereas calculation standards, protocols, and methodologies are well established for Scope 1 and 

Scope 2 emissions, the recent interest in Scope 3 emissions has presented a challenge in accurately mapping 

and reporting GHG from global supply chains. The Greenhouse Gas Protocol Corporate Value Chain 

(Scope 3) Standard provides guidance and evaluation tools for Scope 3 emissions, but companies are still 

allowed to choose what values to report, the boundaries for emissions categories, and even what categories 

they consider relevant. Looking at Figure 9, no mining company reported more than nine categories in 

2018, with other inclusions being written off as not relevant [60]. Greene (2018) highlights the difficulties 

of comparing selective disclosures in her study of CDP reports and Scope 3 emissions stating that 

“incomplete reports make it difficult to track emissions reduction goals or implement sustainable supply 

chain improvements” [60, p1]. These inclusions are especially relevant when considering that “emissions 

reported by one company operating at one stage of the life cycle contribute to the value chain emissions of 

another,”[60, p7] and that GHG emissions from the value chain can amount to over 90% of total emissions 

for some companies [60]. 

Reported values become even more convoluted when considering that companies rely on default 

data to obtain their values and emissions factors, since supplier data is often difficult to obtain [47], [60]. 

For minerals and metals specifically, being a commodity with long life-cycles and further processing needs 

means that most reporting companies have to make assumptions for end product uses and general 

processing routes. This often means assuming a conversion factor for ore feedstock, that all ore is converted 

to metal, and that all produced metal has the same emissions factor. These values can vary greatly depending 

on life-cycle assumptions, where a product is sold to, and the purchasing companies own subsequent 

emissions and policies. 

 

https://paperpile.com/c/kJXX2f/U1efW
https://paperpile.com/c/kJXX2f/U1efW
https://paperpile.com/c/kJXX2f/U1efW
https://paperpile.com/c/kJXX2f/U1efW
https://paperpile.com/c/kJXX2f/U1efW+ox5Lo
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Figure 9: An overview of the number of Scope 3 emissions categories reported for 2015 CDP 

reports [60]  

4.2 LCA Based Calculations 

         With supplier data difficult to obtain, and global value chains becoming increasingly complex, 

many reported values are based off of LCA, which have their own caveats related to supply chains, metrics, 

and function. The use of LCAs as a tool to promote the sustainable design and redesign of products and 

processes is part of what has led to the adoption of renewable technologies and positive environmental 

changes in the mining industry. However, “LCA is a relative tool intended for comparison and not absolute 

evaluation,”[61, p1]which can limit its effectiveness in supporting environmental disclosures and 

representation of entire supply chains [61]. While data on global warming potential and energy inputs are 

well documented in life cycle inventories (LCIs), “other relevant impacts resulting from, e.g., acidification, 

heavy metal emissions, water or land use are fragmentary” [16, 94]. Nuss and Eckleman’s 2014 LCA of 63 

metals in their major use forms was the most comprehensive life cycle comparison of metals to date, but 

“impacts other than global warming potential and cumulative energy demand could not be further 

investigated … due to the limited availability of life cycle inventory data”[62, p4]  [16], [62]. Nuss and 

Eckleman (2014) also states problems with LCI data being reported in aggregate form at “either pre-

allocated or at system process level,”[62, p2] which makes it difficult to make robust comparisons or to 

take co-production issues with minerals and metals into account [62]. Co-production is especially important 

for the energy transition as many of the materials needed for renewable technologies occur as secondary 

minerals that are embedded in base metals (including rare earth’s, indium, and tellurium) [63].  Manhart et. 

al (2018) also warns that major obstacles for assessing the life-cycle environmental relevance of primary 

raw materials are the lack of “representative data for the mining sector on a global level”[16, p94]  and “the 

https://paperpile.com/c/kJXX2f/U1efW
https://paperpile.com/c/kJXX2f/zEzzq
https://paperpile.com/c/kJXX2f/zEzzq
https://paperpile.com/c/kJXX2f/HLTt
https://paperpile.com/c/kJXX2f/qwUcc+HLTt
https://paperpile.com/c/kJXX2f/qwUcc+HLTt
https://paperpile.com/c/kJXX2f/qwUcc
https://paperpile.com/c/kJXX2f/qwUcc
https://paperpile.com/c/kJXX2f/tH0aw
https://paperpile.com/c/kJXX2f/HLTt
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current lack of scientifically sound models for input categories on resources, which are particularly relevant 

for mining” [16, 94]. 

 

Figure 10: Global steel production by country and region (North American Free Trade Agreement 
(NAFTA), Commonwealth of Independent States) [64] 

 

 These LCA considerations are apparent in the steel and lithium industries and highlight the need to 

consider entire supply chains. Greene (2017) conveys some of these shortcomings in writing that life cycle 

data commonly used in the steel sector is based on a small set of studies and geographic regions, and that 

the World Steel Association’s choice of boundaries can leave out important emissions [60], [65]. The World 

Steel Association (WSA) reports 1.83 tonnes CO2/tonne crude steel cast (2017), (the same value used by 

BHP’s methodology in 2018), and uses indicators from “85 steel companies...representing 56% of global 

crude steel production” [66, p1]. With China representing 51.3% of global steel production (Figure 10), 

coal supplying 75% of energy demand for global steel production, and China being one of the world’s worst 

coal users and polluters, it can be hard to evaluate how representative aggregate values like these are, or 

how efficiently they can be used in reporting, without considering emissions intensity by geography [64], 

[67], [68]. For steel specifically, a 2016 comparison of carbon dioxide emissions intensity of production 

methods between various countries found that “if the German, Mexican, and U.S. steel industries were 

similar in structure to the Chinese steel industry...the CO2 emissions intensity of steel production in 

Germany, Mexico, and the U.S. would increase by 19%, 92%, and 56%, respectively” [69, p16]. Together 

these variations show that LCAs need to be taken in context, but that they can also provide valuable insights 

into supply chains and possible points of intervention for environmental sustainability.   

https://paperpile.com/c/kJXX2f/HLTt
https://paperpile.com/c/kJXX2f/DLw7Z
https://paperpile.com/c/kJXX2f/U1efW+PWqXo
https://paperpile.com/c/kJXX2f/b06O3
https://paperpile.com/c/kJXX2f/DLw7Z+3c3vo+EjLTY
https://paperpile.com/c/kJXX2f/DLw7Z+3c3vo+EjLTY
https://paperpile.com/c/kJXX2f/eaGu9
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4.3 Environmental Impacts in Developing Economies 

Sustainability reports are meant to disclose negative environmental impacts in any developing economy, 

but this process has become increasingly convoluted. In the past, well publicized environmental disasters 

led to the ICMM “crisis,”[42, p1] and for mining companies to position themselves as drivers of sustainable 

development in emerging economies [38], [40], [70], [71]. The agreement that multinational mining 

companies should operate in accordance with international environmental standards, despite the lack of 

regulatory enforcement in developing countries, assuaged concerns that multinational mining corporations 

might exploit people and resources [40], [72], [73]. This is once again becoming a major concern due to 

the geographic concentration of minerals and metals for the energy transition, and their subsequent 

vulnerability to price fluctuations and detrimental environmental/ social practices. This has already been 

seen in the DRC with cobalt and REEs in China, and further concentrated supply of cobalt, rare earths, and 

tellurium can be seen in Figure 11 [28]. Australia, the DRC, and South Africa have large shares of the 

production of metals for Li-ion batteries [28]. Japan, Korea, Canada, and Russia have significant production 

levels of metals for PV, while Chile, Argentina, and Peru have over half of the world’s lithium [28], [74]. 

 

Figure 11: Concentrated mineral supplies for cobalt, tellurium, and rare earth elements [28] 

Impacts in developing countries are still underreported, despite the numerous published projects 

and initiatives by mining companies. True Footprint’s analysis of annual reports from 23 mining companies 

found that 70% of material indicators used for reporting were of inputs and outputs (how much was spent, 

how many natural resources were used, what activities were conducted), while only 26% explained the 

actual outcomes, and 4.5% the impacts [34]. The same analysis showed that it was possible to report 

outcomes for all material sustainability topics, but that companies chose not to, despite the outcome being 

potentially positive in some cases, as it was not required for reporting [34]. A study by Boiral (2013), found 

sustainability reports to mainly be a “simulacra,”[75, p1] due to their disconnect from reality, the distortion 

of information, and the use of images that weren’t considered relevant [75]. The “emphasis on the firm’s 

positive achievements,” “emphasis on virtuous statements and commitments,” and “showcasing of outside 

awards and distinctions,” [75, p25] limited their reliability in conveying relevant information, while  

pictures of unspoiled nature and stewardship led to further misrepresentation [75]. The counter accounting 

analysis showed that “only 10 percent of significant news events concerning sustainable development were 

https://paperpile.com/c/kJXX2f/CZsYn
https://paperpile.com/c/kJXX2f/JY0m+6sZv+pyYvJ+w56SF
https://paperpile.com/c/kJXX2f/mSkoh+ZTSLt+JY0m
https://paperpile.com/c/kJXX2f/wdhhK
https://paperpile.com/c/kJXX2f/wdhhK
https://paperpile.com/c/kJXX2f/wdhhK+lEe5l
https://paperpile.com/c/kJXX2f/wdhhK
https://paperpile.com/c/kJXX2f/YVvVZ
https://paperpile.com/c/kJXX2f/YVvVZ
https://paperpile.com/c/kJXX2f/d93HO
https://paperpile.com/c/kJXX2f/d93HO
https://paperpile.com/c/kJXX2f/d93HO
https://paperpile.com/c/kJXX2f/d93HO
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reported clearly and explicitly in the sustainability reports,”[75, p25] while the proliferation of images were 

largely disconnected from the firms’ genuine impacts [75]. For developing countries, this presents a false 

image of sustainability and progress. 

5. Common Lacunae and Missing Information within the Literature 

While the common themes of included evidence are perhaps striking, just as significant is what is missing 

within the body of evidence, notably gaps in environmental reporting, scant focus on artisanal or small-

scale mining, and an inability to capture illegal or criminal supply chains.  

5.1 Gaps in environmental reporting within sustainability reports  

Sustainability reports, and most environmental methodologies, do not include unreported, 

unregistered, or even illegal mineral and metal production, despite the large role that they play in global 

supply chains and environmental impacts. Introduction of these materials primarily occur at the beginning 

of the supply chain following extraction and prior to processing. The growth of artisanal or small-scale 

mining (ASM) is already an environmental concern for developing economies, even without the large 

increases in demand for minerals and metals that is expected with the energy transition. There are an 

estimated 40.5 million people engaged in ASM in 2017, up from 30 million in 2014, 13 million in 1999, 

and 6 million in 1993, compared to the 7 million working in industrial mining in 2013 [76]. With the 

majority of ASM workers using rudimentary tools and techniques, there are significant health and 

environmental impacts associated with their operations. Among environmental concerns are fine particles 

from blasting and drilling that degrade crops and farmland, streams and rivers becoming toxic, and exposure 

to mercury, zinc, vapor, cyanide, and even radioactive materials [23], [76]. Scientific American’s list of 

toxic pollution problems lists mining related activities as responsible for 3 of the top 10 global issues, with 

mercury pollution from artisanal mining as the worst global toxic pollution problem [77].While gold is not 

as tied to renewable technology as other materials, large price increases for renewable materials have 

already seen similar spikes in artisanal mining operations. 

 

5.2 Artisanal and small-scale mining enterprises  

Existing examples of these practices and their environmental implications can be seen in parts of 

Africa and China [78]–[80]. Fortunes 2018 report,  Blood, Sweat, and Batteries shows what increased prices 

for cobalt can do to insufficiently supported communities, while in 2019 the death of 43 miners once again 

demonstrated the impact of cobalt mining in the DRC [78]–[81]. Reports have found as many as 255,000 

artisanal miners for cobalt in the Democratic Republic of the Congo, 35,000 of who are children working 

in “exceedingly harsh, hazardous, and toxic conditions” [82, p1][80],, [83]. As for where these materials 

go, the Chinese middle men haggling over cobalt prices in Mosomp cobalt market, and the children in a 

small village near Kolwezi greeting reporters with “Ni hao!” [80, p1] implicates China, the world’s largest 

consumer of metals [80].  

https://paperpile.com/c/kJXX2f/d93HO
https://paperpile.com/c/kJXX2f/d93HO
https://paperpile.com/c/kJXX2f/DzyBa
https://paperpile.com/c/kJXX2f/DzyBa+sGqBe
https://paperpile.com/c/kJXX2f/ruXQW
https://paperpile.com/c/kJXX2f/YZoAj+04qeB+1bBfZ
https://paperpile.com/c/kJXX2f/YZoAj+04qeB+1bBfZ+n02wy
https://paperpile.com/c/kJXX2f/sRCMR
https://paperpile.com/c/kJXX2f/sRCMR+094ke+1bBfZ
https://paperpile.com/c/kJXX2f/1bBfZ
https://paperpile.com/c/kJXX2f/1bBfZ
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Figure 12: Estimated number of artisanal and small-scale miners as percentage of rural population [84] 

5.3 Illegal or criminal supply chains  

Investigations into rare earth supply chains have found that illegal sources can add as much as 40% 

of official Chinese production, the results of which are tied to “enormous social and environmental 

problems” [85, p6744]. Due to rare earth mining in Jiangxi province, the region is facing a $5.5 billion 

cleanup bill, with a focal point of the cleanup focusing on keeping the polluted water from reaching a wider 

area in neighboring provinces [23]. Ma Jun, a leading Chinese environmentalist, and director of the Institute 

for Public and Environmental Affairs, says that he fears other regions around the world could suffer a 

similar fate if they become like China, and are the supplier of cheap rare earth elements with little or no 

environmental price attached [23] .  

These concerns over legal and accountable supply chains are very real, with ASM taking up entire 

percentages of populations (Figure 12),  and believed to account for 15 to 20% of global non-fuel mineral 

production [76], [85]. With mining corporations only reporting on their own operations, LCA’s not 

accounting for external variables, and supply chains getting partially fueled by unreported ASM, 

environmental impact methodologies are once again proving to be non-inclusive. Minerals and metals are 

entering supply chains, but not being properly accounted for in a global context. 

6. A Case Study in Corporate Governance: Copper 

In this section, to illustrate the tensions and challenges with corporate mining governance reported in the 

earlier sections, the GHG emissions as reported by copper producing companies are compared to evaluate 

environmental impact methodologies. GHG emissions are used due to their quantitative and comparable 

nature.  

https://paperpile.com/c/kJXX2f/A2MHY
https://paperpile.com/c/kJXX2f/MgEWs
https://paperpile.com/c/kJXX2f/sGqBe
https://paperpile.com/c/kJXX2f/sGqBe
https://paperpile.com/c/kJXX2f/DzyBa+MgEWs
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6.1 Copper as an exemplar for low-carbon transitions  

Copper’s role in both conventional and low-carbon energy transitions is well established through 

conventional motors, wiring, and circuitry to its substantial use in wind turbines, solar, panels, and energy 

storage technologies (Figure 13) [1], [86], [87]. Estimates by the Institute for Sustainable Futures show that 

peak annual demand for copper in renewable energy and storage could account for as much as 29% of 

annual production by 2050 (2017 data) [28]. Copper is representative of numerous minerals and metals by 

demonstrating environmental concerns along numerous points throughout its lifecycle. Unlike steel or 

aluminum production, which have a large environmental focus on processing, copper has GHG emissions 

from extraction, hauling, comminution, and processing, which makes it representative of a greater number 

of GHG emissions from other minerals and mining practices. Calls for emissions transparency by Azadi et 

al. (2020), and copper’s historical role as an environmental polluter, make it a valuable case study to assess 

environmental impact methodology [33]. To ensure consistency in evaluated impact, only the reported 

GHG emissions will be compared for copper mining entities. 

  

Figure 13: Share of primary demand for copper from wind, solar, PV, and batteries 

[28]  

6.2 Calculating the environmental impacts of copper  

Table 1: Reporting Scores for BHP, Freeport, and Vale 

https://paperpile.com/c/kJXX2f/P7V4z+uXxEb+t3LLK
https://paperpile.com/c/kJXX2f/wdhhK
https://paperpile.com/c/kJXX2f/OiwqC
https://paperpile.com/c/kJXX2f/wdhhK
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Company 2018 CDP 
Score 2019 Score 

Preparedness 
for a Low-

Carbon 
Transition 
(rank) [88] 

ICMM 
Membership GRI 

BHP A A- #3/12 Founding 
Member 

In accordance - 
Comprehensive 

Vale B B #1/12 Rejoined 2017 In accordance - 
Comprehensive 

Freeport- 
McMoRan C F #11/12 Founding 

Member 
In accordance - 

Core 

  

         Of the top 10 copper producers, only six reported to CDP, and only 5 are members of the ICMM 

[42], [44], [89]. From these 5 companies, BHP, Vale, and Freeport were chosen to represent varied CDP 

and GRI reporting scores (Table 1), and as an indication of completion. For 2018, all three companies 

created sustainability reports following GRI guidelines, reported to CDP’s Climate Change 2018 

questionnaire, and had third party verification for their emissions values [90]–[92]. As such, CDP and GRI-

guided sustainability reports from BHP, Freeport-McMoRan, and Vale were used as the data source for this 

case study. Comparison of GRI reports, CDP reports, disclosed emissions factors, emissions sources, and 

reporting requirements were used to effectively compare reporting methods. From this, discrepancies and 

misalignments were focused on and elaborated in the sections below.  

BHP is used as a best case scenario due to the external publication of a supplementary Scope 3 

Emissions Calculation Methodology 2018, and separate GHG data [93],[94]. Through these published 

supplements, the embodied emissions in one ton of copper was calculated with the assumption that 

percentage share of mined material (by weight and excluding petroleum) was reflective of percentage share 

of the upstream reported Scope 3 emissions (Table 2). From these assumptions, the resulting calculated 

Scope 3 emissions factor was found to equal 4.27 tonnes CO2e per ton of copper produced by BHP. 

Calculated Scope 3 values were then added to BHP’s Scope 1 and Scope 2 values to get the total emissions 

for one ton of copper produced by BHP and accounted for by their methodology.  Using BHP’s new 

calculated emissions factor, the reported production values and emissions of Freeport-McMoRan and Vale 

were compared as a means to evaluate environmental calculation methodologies. 

 

https://paperpile.com/c/kJXX2f/Sgq4u
https://paperpile.com/c/kJXX2f/tcJLE+ISrFJ+CZsYn
https://paperpile.com/c/kJXX2f/6wWkM+7nv0r+wpFp4
https://paperpile.com/c/kJXX2f/lrATS
https://paperpile.com/c/kJXX2f/Rz0Jg
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Table 2: Scope 3 and embodied emissions in copper, iron ore, metallurgical coal, and energy coal base 
(based on BHP data) 

 

 

6.3 Freeport - McMoRan 

         Freeport reported on 3/15 Scope 3 categories as outlined by the Greenhouse Gas Protocol [95], but 

of specific interest are the Scope 3 categories relating to processing of sold products and use of sold 

products. When reporting 263,584 metric tonnes of CO2e emitted for the Processing of Sold Products, the 

calculation methodology states that “because Freeport-McMoRan operates vertically integrated assets, 

many downstream processing emissions that would be considered Scope 3 emissions for other companies 

are Scope 1 emissions for Freeport-McMoRan” [96, p16]. This is reflective of Freeport-McMoRan owned 

smelters, where the emissions reported on processing of sold products “only represent emissions from the 

smelting of concentrate and the refining of copper anodes sold to third parties”[96, p16] and were calculated 

by applying average emissions at Freeport smelters to the amount of material sold to third parties. Freeport 

also reported that they “do not have access to emissions information for the broad spectrum of downstream 

manufacturing”[96, p16] and chose not to report emissions for Use of Sold Products. 

         This study could not find material specific emissions for 2018, so for comparative purposes, 

Freeport’s 2018 copper production of 3,813 million pounds, and sales of 3811 million pounds, were 

multiplied by BHP’s calculated Scope 1 and 2 emissions factors and BHP’s calculated Scope 3 emissions 

factors (respectively) to get an estimate of Freeports emissions using BHP’s methodology. These values 

therefore represent a conservative estimate of what Freeport would emit using BHP’s methodology. Figure 

14 shows how even ignoring potential emissions from Freeports production of gold and molybdenum, 

BHP’s methodology predicts much larger emissions for Scope 3 emissions. Scope 1 emissions and total 

operational emissions are slightly lower using BHP’s methodology, which is reflective of Freeport’s 

https://paperpile.com/c/kJXX2f/zMiit
https://paperpile.com/c/kJXX2f/mLiH7
https://paperpile.com/c/kJXX2f/mLiH7
https://paperpile.com/c/kJXX2f/mLiH7
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vertical integration, but overall, total reported emissions would be 64% higher for Freeport using BHP’s 

methods. 

  

Figure 14: Freeport’s 2018 reported emissions (Copper, Gold, Molybdenum) vs Freeport’s 2018 
emissions using BHP methodology 

6.4 Vale 

         Vale’s emissions were relatively similar to BHP’s, but its calculation methodology/ strategy does 

not reflect its changes in operations and is indicative of drastic swings in reporting or problems with 

emission accounting. Vale does not take a vertical integration approach like Freeport, and its relative Scope 

3 emissions are similar to BHP based on reported emission values (Figure 15), but its Scope 3 emissions 

drastically changed between 2017 and 2018. With a jump from 327.6 million tonnes of CO2e to 586.2 

million tonnes of CO2-e, Vale reported an almost 80% increase in Scope 3 emissions from one year to the 

next [91], [97]. 

https://paperpile.com/c/kJXX2f/7nv0r+RePhy
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Figure 15: Reported emissions BHP vs Vale 

  

A supplement could not be found to explain its reporting methodology, but Vale actively cites the 

Greenhouse Gas Protocol in both its 2017 and 2018 CDP report. In its independently published 2018 

sustainability report, for Scope 3 emissions Vale wrote “In 2018, these emissions totaled approximately 

586 million tCO2e in the year, a result very similar to that of 2017” [91, p78]. The nearly 80% increase is 

not mentioned or explained. Operational changes also do not explain the shift, as Vale produced less 

manganese ore, nickel, copper, cobalt, and gold than in 2017. Small increases in iron ore, iron pellets, and 

coal, could not have caused such a drastic shift, unless the embodies emissions were over 13,000 tonnes of 

CO2e per tonne of iron and over 27,000 tonnes of CO2e per tonne of coal (assuming the same emissions as 

calculated from BHP, Table 2). The cumulative production change relative to the change in Scope 3 

emissions is shown in Figure 16, with BHP’s relative production and emissions changes shown for contrast. 

From this drastic shift, it can be assumed that emissions methodologies are still evolving despite the 

numerous forms of guidance, and Vale’s commitment to substantial Scope 3 values. 

https://paperpile.com/c/kJXX2f/7nv0r
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Figure 16a: Production change vs emissions for BHP 

 

Figure 16b: Production change vs emissions for Vale 

6.5 BHP 

         BHP has become a leader in disclosure transparency through its Scope 3 Emissions Calculation 

Methodology and unrestricted Scope 3 values (Figure 17), but that does not mean it is without methodology 

concerns. For 2018, its Scope 3 emissions methodology relies on numerous assumptions and “double 

counting” [93, p4]. For its  processing of sold products calculations, the Scope 3 Emissions Calculation 

Methodology 2018 used copper production of 1,237,648 tonnes, citing the BHP Operational Review for 

the year end 30 June 2018 as the source, and with the assumption that “production volumes approximate 

sales volumes; small year-end inventory volumes will be smoothed out over year-on-year calculations” [93, 

p27]. However, BHPs Operational Review for the year end 30 June 2018  (published on 18 July 2018), 

reports 1,753 kt of copper production for FY18, leaving nearly 500,000 tonnes of copper unaccounted for 

in its Scope 3 calculation, or over 2 million tonnes of CO2e [93], [98]. This review was not able to reconcile 

https://paperpile.com/c/kJXX2f/lrATS
https://paperpile.com/c/kJXX2f/lrATS
https://paperpile.com/c/kJXX2f/lrATS
https://paperpile.com/c/kJXX2f/bOggG+lrATS
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these values. Without a mapped supply chain, the methodology also assumed a 1.0 conversion factor 

between copper feedstock and end-use product, along with assuming that all copper is manufactured into 

copper wire [93]. This is not an inherently flawed assumption, but it illustrates how generalized even the 

most advanced calculation methodologies remain for GHG accounting along supply chains. Finally, the 

emissions factor used in the calculation is 4.2 tonnes CO2e per tonne copper wire produced, which is based 

on a 2012 life-cycle assessment that is meant to represent “all emissions associated with mining and 

extracting ore to create copper cathodes, as well as subsequent manufacturing into copper wires” [93, p28]. 

This emissions factor is presented as a “conservative” assumption that is also meant to reasonably reflect “ 

local electricity emissions intensity and other factors” with no explanation how, or why, other than 

reminders that it will “provide a high-side estimation of emissions in BHP’s value chain from this process” 

[93, p28]. Together these values represent a calculated 8.57 tonnes of CO2e per ton of copper produced by 

BHP, which is in contrast to the International Copper Association’s most recent LCA for cradle-to-gate 

copper, that cites the entire embodied emissions for 1 metric ton of copper cathode as 4,100 kg CO2e. 

 

Figure 17: BHP Operational Emissions vs Scope 3 Emissions 

7. Conclusion and Further Research 

Many committed governments, investors, companies, and consumers are searching for better ways 

to effectively identify and manage the environmental impacts of rapidly growing mineral supply chains. 

With the advent of a global economy, it has become difficult to track the impacts of the numerous inputs, 

https://paperpile.com/c/kJXX2f/lrATS
https://paperpile.com/c/kJXX2f/lrATS
https://paperpile.com/c/kJXX2f/lrATS
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processes, and activities involved with the use and production of minerals and metals. This lack of 

transparency has in turn highlighted the need for better methods and understanding of environmental 

impacts especially at the early stages of extraction and processing. 

Our copper case study demonstrates that the mining industry’s ability to measure GHG emissions 

are likely inaccurate, incomplete, and differ dramatically from company to company. When looking at this 

variability for the same measurements, and for the same materials, it becomes clear that the process lacks 

cohesion and transparency. Even among what one would consider essential information, or highly 

quantitative values, such as CO2e, the variance in methodology, inclusion criteria, and what is considered 

relevant, make it almost impossible to compare or evaluate a company’s effectiveness at reporting. BHP 

explicitly stated that they were overestimating their emissions to present themselves as taking a 

conservative approach. Other companies were able to select what emissions they chose to report or explain, 

and some left potentially enormous amounts of emissions unaccounted for. When considering these 

inaccuracies in the context of other minerals, metals, and mining companies, it is hard to claim that we have 

a clear understanding of the mining industry’s GHG emissions and environmental impacts. When further 

buttressed by the assumptions made through LCAs, and the lack of accounting for ASM, it is clear that the 

environmental impacts of mineral and metal extraction are likely much larger than currently estimated.  

This has extremely troubling and sobering implications for those seeking to verify and validate the 

feasibility of a low-carbon transition. 

In general, many of the world’s largest mining companies have tried to demonstrate their 

commitment to reducing their environmental impacts, but without consistency, it is difficult to create trusted 

data. A standardized method for reporting environmental impacts is needed. This review contributes 

towards this goal by identifying gaps in current reporting mechanisms, as well as best practices, and key 

potential areas for further analysis. In identifying these contours, environmental reporting by mining 

companies can be improved to better represent the evolving shift towards accountability that is needed for 

a low-carbon environment. 

This review offers a benchmark for future corporate governance and understanding of metal and 

mineral supply chains. By starting at the beginning of the supply chain and focusing on extraction and 

processing, it is possible to identify several areas for further research and a comprehensive path forward. 

These actionable steps, and further work needed to implement them, are as follows: 

1. The development of a more uniform, widely accepted and consistent carbon accounting framework 

for the metals and minerals industry. 

a. There needs to be alignment between companies on mineral-related standards and initiatives 

for accurate climate reporting. Discrepancies between inclusions, boundary definitions, and 

what type of data is considered viable, all make it impossible to compare carbon emissions 

across companies.  
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b. A region-, or supplier-, specific open source database of carbon intensity factors for various 

products, process, and activities would allow for upstream users of these minerals to estimate 

supply chain emissions more reliably and accurately and could support sustainable 

procurement efforts.  

 

2. Integration and sourcing of information from previous measurement efforts of energy security and 

material development. These sources will prove valuable in both political and technical approaches as 

lessons on mineral development can be applied to developing industries. 

 

a. Continued monitoring of governance metrics (through initiatives such as the Resource 

Governance Index) and open dialogue with developing nation will be essential in properly 

supporting countries involved in the energy transition.  

 

b. More LCAs need to be used to raise awareness of governance shortcomings and 

environmental sustainability. Social LCAs can help companies understand how to maximize 

societal benefits from mining projects and raise awareness of potential pitfalls and lessons 

from other resource-rich nations. LCAs can also be used to help identify points of 

intervention within supply chains. The current top-down approach of having companies 

choose what to report is not conducive of mineral or environmental sustainability.  

 

c. If more reliable data becomes available, a meta-analysis of existing environmental issues 

would be essential to progress environmental accountability within the mining industry. 

 

3. Transparency within supply chains and the implications of legislative actions need to be better 

considered when developing policy that affects the wellbeing of those in other nations.  

 

a. Dialogues are needed for establishing cooperation between mining companies and 

government agencies in charge of plans for governance and communal development. In most 

countries, these dialogues are not well-established, and must be linked to wider efforts of 

diversification and growth.  

 

b. A method for mining companies to relay their positive environmental developments and be 

recognized for their continued efforts. The initiatives outlined in ESG reports are relatively 

superficial as companies are limited in their ability to accurately convey information. When 

actual progress can be conveyed, larger developmental change can be justified for the benefit 

of both the company and communities.   



 

19 

These points underscore how accounting for carbon and environmental performance across mineral 

supply chains is a complex, polycentric endeavor. It involves accounting frameworks and corporate 

governance institutions, transnational mining firms, ASM groups, intergovernmental institutions, 

suppliers, policymakers, and of course consumers.  But this complexity of mining supply chains is not 

only a curse; it can also be a blessing, given that any one of these stakeholder groups can exert influence 

and pressure across the entire sector. And if there is a concerted push across many stakeholder groups, a 

coalition of those willing to be sustainable and promote best practices, then mining may very well 

contribute towards our low-carbon and environmentally sustainable future, rather than risking to diminish 

it.  

 

Acknowledgements  

The approaches and methods presented in this paper have been developed independently as part of 
the Payne Institute for Public Policy’s initiative on the Mineral Foundations of the Energy Transition. We 
want to thank the Energy for Growth Hub and Chevron for their continued support. 

We would also like to thank Nicole Hanson from the Copper Alliance for her help and insights into 
the copper supply chain. 

Data Availability Statement 

Any data that supports the findings of this study are included within the article 

 

 

 

REFERENCES 

  

[1] World Bank, “The Growing Role of Minerals and Metals for a Low Carbon Future,” The World 
Bank, 117581, Jun. 2017. Accessed: Jul. 02, 2019. [Online]. Available: http://www-
wds.worldbank.org/external/default/WDSContentServer/WDSP//. 

[2] C. Church and A. Crawford, “Green Conflict Minerals: The fuels of conflict in the transition to a 
low-carbon economy,” IISD, Aug. 2018. [Online]. Available: 
https://www.iisd.org/sites/default/files/publications/green-conflict-minerals.pdf. 

[3] IRENA, “A New World: The Geopolitics of the Energy Transformation,” IRENA, Global 
Commission on the Geopolitics of Energy Transformation , 2019. [Online]. Available: 
https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Jan/Global_commission_geopolitics_new_world_20
19.pdf. 

[4] “New Energy Outlook 2019 | Bloomberg NEF,” BloombergNEF. https://about.bnef.com/new-
energy-outlook/ (accessed Jul. 05, 2019). 

[5] “DNV GL’s Energy Transition Outlook 2018.” https://eto.dnvgl.com/2018/ (accessed Jun. 29, 2019). 
[6] D. Giurco, E. Dominish, N. Florin, T. Watari, and B. McLellan, “Requirements for Minerals and 

http://paperpile.com/b/kJXX2f/t3LLK
http://paperpile.com/b/kJXX2f/t3LLK
http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/
http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/
http://paperpile.com/b/kJXX2f/t3LLK
http://paperpile.com/b/kJXX2f/u7zxT
http://paperpile.com/b/kJXX2f/u7zxT
https://www.iisd.org/sites/default/files/publications/green-conflict-minerals.pdf
http://paperpile.com/b/kJXX2f/u7zxT
http://paperpile.com/b/kJXX2f/qJ0JM
http://paperpile.com/b/kJXX2f/qJ0JM
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/Global_commission_geopolitics_new_world_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/Global_commission_geopolitics_new_world_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/Global_commission_geopolitics_new_world_2019.pdf
http://paperpile.com/b/kJXX2f/qJ0JM
http://paperpile.com/b/kJXX2f/zzdqn
http://paperpile.com/b/kJXX2f/zzdqn
http://paperpile.com/b/kJXX2f/zzdqn
https://about.bnef.com/new-energy-outlook/
https://about.bnef.com/new-energy-outlook/
http://paperpile.com/b/kJXX2f/zzdqn
http://paperpile.com/b/kJXX2f/hqPv7
https://eto.dnvgl.com/2018/
http://paperpile.com/b/kJXX2f/hqPv7
http://paperpile.com/b/kJXX2f/rtFgc


 

20 

Metals for 100% Renewable Scenarios,” in Achieving the Paris Climate Agreement Goals: Global 
and Regional 100% Renewable Energy Scenarios with Non-energy GHG Pathways for +1.5°C and 
+2°C, S. Teske, Ed. Cham: Springer International Publishing, 2019, pp. 437–457. 

[7] S. H. Ali et al., “Mineral supply for sustainable development requires resource governance,” Nature, 
vol. 543, no. 7645, pp. 367–372, Mar. 2017. 

[8] M. Raymond, T. Evangelos, K. Hudai, W. Peter, and K. Jaakko, Critical Metals in Strategic Energy 
Technologies - Assessing Rare Metals as Supply-Chain Bottlenecks in Low-Carbon Energy 
Technologies. Publications Office of the European Union, 2011. 

[9] T. E. Graedel, E. M. Harper, N. T. Nassar, and B. K. Reck, “On the materials basis of modern 
society,” Proc. Natl. Acad. Sci. U. S. A., vol. 112, no. 20, pp. 6295–6300, May 2015. 

[10] “Climate-Smart Mining: Minerals for Climate Action,” World Bank. 
https://www.worldbank.org/en/topic/extractiveindustries/brief/climate-smart-mining-minerals-for-
climate-action (accessed Sep. 12, 2019). 

[11] B. K. Sovacool et al., “Sustainable minerals and metals for a low-carbon future,” Science, vol. 367, 
no. 6473, pp. 30–33, Jan. 2020. 

[12] J. E. Tilton et al., “Public policy and future mineral supplies,” Resour. Policy, vol. 57, pp. 55–60, 
Aug. 2018. 

[13] G. M. Mudd and S. M. Jowitt, “Global Resource Assessments of Primary Metals: An Optimistic 
Reality Check,” Nat. Resour. Res., vol. 27, no. 2, pp. 229–240, Apr. 2018. 

[14] “About GRI.” https://www.globalreporting.org/information/about-gri/Pages/default.aspx (accessed 
Jan. 19, 2020). 

[15] “The Paris Agreement | UNFCCC,” 2018. https://unfccc.int/process-and-meetings/the-paris-
agreement/the-paris-agreement (accessed Jul. 11, 2019). 

[16] A. Manhart et al., “The environmental criticality of primary raw materials – A new methodology to 
assess global environmental hazard potentials of minerals and metals from mining,” Mineral 
Economics, vol. 32, no. 1, pp. 91–107, Apr. 2019. 

[17] U. N. Environment, “Global Resources Outlook 2019,” Accessed: Nov. 11, 2019. [Online]. 
Available: https://www.resourcepanel.org/reports/global-resources-outlook. 

[18] D. M. Franks, R. Davis, A. J. Bebbington, S. H. Ali, D. Kemp, and M. Scurrah, “Conflict translates 
environmental and social risk into business costs,” Proc. Natl. Acad. Sci. U. S. A., vol. 111, no. 21, 
pp. 7576–7581, May 2014. 

[19] B. K. Sovacool, “The precarious political economy of cobalt: Balancing prosperity, poverty, and 
brutality in artisanal and industrial mining in the Democratic Republic of the Congo,” The Extractive 
Industries and Society, Jul. 2019, doi: 10.1016/j.exis.2019.05.018. 

[20] C. Banza Lubaba Nkulu et al., “Sustainability of artisanal mining of cobalt in DR Congo,” Nat 
Sustain, vol. 1, no. 9, pp. 495–504, Sep. 2018. 

[21] L. M. Lombrana, “Saving the Planet With Electric Cars Means Strangling This Desert,” Bloomberg 
News, Bloomberg, Jun. 11, 2019. 

[22] D. Mulvaney, “Are green jobs just jobs? Cadmium narratives in the life cycle of Photovoltaics,” 
Geoforum, vol. 54, pp. 178–186, Jul. 2014. 

[23] M. Standaert, “China Wrestles with the Toxic Aftermath of Rare Earth Mining,” Yale E360. 
https://e360.yale.edu/features/china-wrestles-with-the-toxic-aftermath-of-rare-earth-mining 
(accessed Jan. 23, 2020). 

[24] B. K. Sovacool, A. Hook, M. Martiskainen, A. Brock, and B. Turnheim, “The decarbonisation 
divide: Contextualizing landscapes of low-carbon exploitation and toxicity in Africa,” Glob. 
Environ. Change, vol. 60, p. 102028, Jan. 2020, Accessed: Feb. 25, 2020. [Online]. 

[25] “Steel Sector Faces Significant Losses From Future Climate Regulation - CDP.” 
https://www.cdp.net/en/articles/media/steel-sector-faces-significant-losses-from-future-climate-
regulation (accessed Nov. 12, 2019). 

[26] “Position paper on climate change.” https://www.worldsteel.org/publications/position-papers/steel-s-
contribution-to-a-low-carbon-future.html (accessed Feb. 10, 2020). 

[27] U. N. Environment, “Global Resources Outlook 2019 Factsheet,” Accessed: Nov. 11, 2019. 
[Online]. Available: https://www.resourcepanel.org/reports/global-resources-outlook. 

[28] E. Dominish, S. Teske, and N. Florin, “Responsible Minerals Sourcing for Renewable Energy,” 
Institute for Sustainable Futures, University of Technology Sydney, Earthworks, 2019. [Online]. 

http://paperpile.com/b/kJXX2f/rtFgc
http://paperpile.com/b/kJXX2f/rtFgc
http://paperpile.com/b/kJXX2f/rtFgc
http://paperpile.com/b/kJXX2f/rtFgc
http://paperpile.com/b/kJXX2f/rtFgc
http://paperpile.com/b/kJXX2f/qjACT
http://paperpile.com/b/kJXX2f/qjACT
http://paperpile.com/b/kJXX2f/qjACT
http://paperpile.com/b/kJXX2f/qjACT
http://paperpile.com/b/kJXX2f/qjACT
http://paperpile.com/b/kJXX2f/qjACT
http://paperpile.com/b/kJXX2f/i1HMr
http://paperpile.com/b/kJXX2f/i1HMr
http://paperpile.com/b/kJXX2f/i1HMr
http://paperpile.com/b/kJXX2f/i1HMr
http://paperpile.com/b/kJXX2f/i1HMr
http://paperpile.com/b/kJXX2f/g7bD7
http://paperpile.com/b/kJXX2f/g7bD7
http://paperpile.com/b/kJXX2f/g7bD7
http://paperpile.com/b/kJXX2f/g7bD7
http://paperpile.com/b/kJXX2f/IidOD
http://paperpile.com/b/kJXX2f/IidOD
http://paperpile.com/b/kJXX2f/IidOD
http://paperpile.com/b/kJXX2f/IidOD
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
http://paperpile.com/b/kJXX2f/IidOD
http://paperpile.com/b/kJXX2f/4Th9
http://paperpile.com/b/kJXX2f/4Th9
http://paperpile.com/b/kJXX2f/4Th9
http://paperpile.com/b/kJXX2f/4Th9
http://paperpile.com/b/kJXX2f/4Th9
http://paperpile.com/b/kJXX2f/4Th9
http://paperpile.com/b/kJXX2f/NzGyl
http://paperpile.com/b/kJXX2f/NzGyl
http://paperpile.com/b/kJXX2f/NzGyl
http://paperpile.com/b/kJXX2f/NzGyl
http://paperpile.com/b/kJXX2f/NzGyl
http://paperpile.com/b/kJXX2f/NzGyl
http://paperpile.com/b/kJXX2f/Q3TrH
http://paperpile.com/b/kJXX2f/Q3TrH
http://paperpile.com/b/kJXX2f/Q3TrH
http://paperpile.com/b/kJXX2f/Q3TrH
http://paperpile.com/b/kJXX2f/d0rO
https://www.globalreporting.org/information/about-gri/Pages/default.aspx
http://paperpile.com/b/kJXX2f/d0rO
http://paperpile.com/b/kJXX2f/d0rO
http://paperpile.com/b/kJXX2f/gdnDp
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
http://paperpile.com/b/kJXX2f/gdnDp
http://paperpile.com/b/kJXX2f/HLTt
http://paperpile.com/b/kJXX2f/HLTt
http://paperpile.com/b/kJXX2f/HLTt
http://paperpile.com/b/kJXX2f/HLTt
http://paperpile.com/b/kJXX2f/HLTt
http://paperpile.com/b/kJXX2f/HLTt
http://paperpile.com/b/kJXX2f/HLTt
http://paperpile.com/b/kJXX2f/8UFGt
http://paperpile.com/b/kJXX2f/8UFGt
https://www.resourcepanel.org/reports/global-resources-outlook
http://paperpile.com/b/kJXX2f/8UFGt
http://paperpile.com/b/kJXX2f/WxP5p
http://paperpile.com/b/kJXX2f/WxP5p
http://paperpile.com/b/kJXX2f/WxP5p
http://paperpile.com/b/kJXX2f/WxP5p
http://paperpile.com/b/kJXX2f/WxP5p
http://paperpile.com/b/kJXX2f/xnz0Z
http://paperpile.com/b/kJXX2f/xnz0Z
http://paperpile.com/b/kJXX2f/xnz0Z
http://paperpile.com/b/kJXX2f/xnz0Z
http://paperpile.com/b/kJXX2f/xnz0Z
http://dx.doi.org/10.1016/j.exis.2019.05.018
http://paperpile.com/b/kJXX2f/xnz0Z
http://paperpile.com/b/kJXX2f/aDPov
http://paperpile.com/b/kJXX2f/aDPov
http://paperpile.com/b/kJXX2f/aDPov
http://paperpile.com/b/kJXX2f/aDPov
http://paperpile.com/b/kJXX2f/aDPov
http://paperpile.com/b/kJXX2f/aDPov
http://paperpile.com/b/kJXX2f/fPVke
http://paperpile.com/b/kJXX2f/fPVke
http://paperpile.com/b/kJXX2f/fPVke
http://paperpile.com/b/kJXX2f/fPVke
http://paperpile.com/b/kJXX2f/C3f31
http://paperpile.com/b/kJXX2f/C3f31
http://paperpile.com/b/kJXX2f/C3f31
http://paperpile.com/b/kJXX2f/C3f31
http://paperpile.com/b/kJXX2f/sGqBe
http://paperpile.com/b/kJXX2f/sGqBe
http://paperpile.com/b/kJXX2f/sGqBe
http://paperpile.com/b/kJXX2f/sGqBe
https://e360.yale.edu/features/china-wrestles-with-the-toxic-aftermath-of-rare-earth-mining
http://paperpile.com/b/kJXX2f/sGqBe
http://paperpile.com/b/kJXX2f/sGqBe
http://paperpile.com/b/kJXX2f/4xG9X
http://paperpile.com/b/kJXX2f/4xG9X
http://paperpile.com/b/kJXX2f/4xG9X
http://paperpile.com/b/kJXX2f/4xG9X
http://paperpile.com/b/kJXX2f/4xG9X
http://paperpile.com/b/kJXX2f/Q1ldp
http://paperpile.com/b/kJXX2f/Q1ldp
https://www.cdp.net/en/articles/media/steel-sector-faces-significant-losses-from-future-climate-regulation
https://www.cdp.net/en/articles/media/steel-sector-faces-significant-losses-from-future-climate-regulation
http://paperpile.com/b/kJXX2f/Q1ldp
http://paperpile.com/b/kJXX2f/s6slv
https://www.worldsteel.org/publications/position-papers/steel-s-contribution-to-a-low-carbon-future.html
https://www.worldsteel.org/publications/position-papers/steel-s-contribution-to-a-low-carbon-future.html
http://paperpile.com/b/kJXX2f/s6slv
http://paperpile.com/b/kJXX2f/VY89x
http://paperpile.com/b/kJXX2f/VY89x
https://www.resourcepanel.org/reports/global-resources-outlook
http://paperpile.com/b/kJXX2f/VY89x
http://paperpile.com/b/kJXX2f/wdhhK
http://paperpile.com/b/kJXX2f/wdhhK


 

21 

Available: https://earthworks.org/cms/assets/uploads/2019/04/MCEC_UTS_Report_lowres-1.pdf. 
[29] A. L. Gulley, E. A. McCullough, and K. B. Shedd, “China’s domestic and foreign influence in the 

global cobalt supply chain,” Resour. Policy, vol. 62, pp. 317–323, Aug. 2019. 
[30] “In a Low-Carbon Future, Better Mineral Governance Could Power Development,” Natural 

Resource Governance Institute, Sep. 27, 2017. https://resourcegovernance.org/blog/low-carbon-
future-better-mineral-governance-could-power-development (accessed Jul. 10, 2019). 

[31] “Clean energy progress after the Covid-19 crisis will need reliable supplies of critical minerals – 
Analysis - IEA,” IEA. https://www.iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-
will-need-reliable-supplies-of-critical-
minerals?utm_content=buffer2a70f&utm_medium=social&utm_source=twitter-
ieabirol&utm_campaign=buffer (accessed May 13, 2020). 

[32] McKinsey and Company, “Climate risk and decarbonization: What every mining CEO needs to 
know,” McKinsey. https://www.mckinsey.com/business-functions/sustainability/our-
insights/climate-risk-and-decarbonization-what-every-mining-ceo-needs-to-know (accessed Jan. 29, 
2020). 

[33] M. Azadi, S. A. Northey, S. H. Ali, and M. Edraki, “Transparency on greenhouse gas emissions 
from mining to enable climate change mitigation,” Nat. Geosci., vol. 13, no. 2, pp. 100–104, Feb. 
2020. 

[34] T. Footprint, “The State of Mining Sustainability,” True Footprint, 2019. [Online]. Available: 
https://www.truefootprint.com/static/03-mining-sustainability-report-2019.pdf. 

[35] “What we do - CDP.” https://www.cdp.net/en/info/about-us/what-we-do (accessed Jan. 19, 2020). 
[36] A. Kolk, “The social responsibility of international business: From ethics and the environment to 

CSR and sustainable development,” J. World Bus., vol. 51, no. 1, pp. 23–34, 2016, Accessed: Feb. 
25, 2020. [Online]. 

[37] G. M. Gallarotti, “It pays to be green: The managerial incentive structure and environmentally sound 
strategies,” Columbia J. World Bus., vol. 30, no. 4, pp. 38–57, Dec. 1995. 

[38] L. Danielson, “ARCHITECTURE FOR CHANGE,” Global Public Policy Institute, 2006, [Online]. 
Available: https://pubs.iied.org/pdfs/G00975.pdf. 

[39] S. G. Ratings, “ESG Industry Report Card: Metals And Mining,” S&P Global Ratings, Jun. 2019. 
[Online]. Available: 
https://www.spglobal.com/_media/documents/spglobalratings_esgindustryreportcardmetalsandminin
g_jun_03_2019-003-.pdf. 

[40] H. S. Dashwood, “Sustainable Development and Industry Self-Regulation: Developments in the 
Global Mining Sector,” Business & Society, vol. 53, no. 4, pp. 551–582, Jul. 2014. 

[41] “ICMM • New member admission process.” https://www.icmm.com/commitments/new-member-
admission-process (accessed Jan. 30, 2020). 

[42] “ICMM • ICMM.” https://www.icmm.com/ (accessed Nov. 14, 2019). 
[43] “Non-financial reporting,” European Commission - European Commission, Apr. 27, 2017. 

https://ec.europa.eu/info/business-economy-euro/company-reporting-and-auditing/company-
reporting/non-financial-reporting_en (accessed Nov. 14, 2019). 

[44] “Home - CDP.” https://www.cdp.net/en (accessed Aug. 25, 2019). 
[45] M. Hitch, M. Tost, B. Bayer, S. Lutter, and S. Feiel, “Metal Mining’s Environmental Pressures: A 

Review and Updated Estimates on CO2 Emissions, Water Use, and Land Requirements,” Sustain. 
Sci. Pract. Policy, vol. 10, no. 8, Aug. 2018, doi: 10.3390/su10082881. 

[46] “Task Force on Climate-related Financial Disclosures | TCFD - Homepage,” TCFD. 
https://www.fsb-tcfd.org/ (accessed Aug. 25, 2019). 

[47] A. Fonseca, M. L. McAllister, and P. Fitzpatrick, “Sustainability reporting among mining 
corporations: a constructive critique of the GRI approach,” J. Clean. Prod., vol. 84, pp. 70–83, Dec. 
2014. 

[48] J. M. Moneva, P. Archel, and C. Correa, “GRI and the camouflaging of corporate unsustainability,” 
Accounting Forum, vol. 30, no. 2, pp. 121–137, Jun. 2006. 

[49] F. Depoers, T. Jeanjean, and T. Jérôme, “Voluntary Disclosure of Greenhouse Gas Emissions: 
Contrasting the Carbon Disclosure Project and Corporate Reports,” J. Bus. Ethics, vol. 134, no. 3, 
pp. 445–461, Mar. 2016. 

[50] R. Gray and M. J. Milne, “Sustainability Reporting: Who’s Kidding Whom?,” pp. 66–70, Jul. 2002, 

http://paperpile.com/b/kJXX2f/wdhhK
https://earthworks.org/cms/assets/uploads/2019/04/MCEC_UTS_Report_lowres-1.pdf
http://paperpile.com/b/kJXX2f/wdhhK
http://paperpile.com/b/kJXX2f/8wNAK
http://paperpile.com/b/kJXX2f/8wNAK
http://paperpile.com/b/kJXX2f/8wNAK
http://paperpile.com/b/kJXX2f/8wNAK
http://paperpile.com/b/kJXX2f/yHwNa
http://paperpile.com/b/kJXX2f/yHwNa
http://paperpile.com/b/kJXX2f/yHwNa
http://paperpile.com/b/kJXX2f/yHwNa
https://resourcegovernance.org/blog/low-carbon-future-better-mineral-governance-could-power-development
https://resourcegovernance.org/blog/low-carbon-future-better-mineral-governance-could-power-development
http://paperpile.com/b/kJXX2f/yHwNa
http://paperpile.com/b/kJXX2f/BNFsl
http://paperpile.com/b/kJXX2f/BNFsl
http://paperpile.com/b/kJXX2f/BNFsl
http://paperpile.com/b/kJXX2f/BNFsl
https://www.iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-will-need-reliable-supplies-of-critical-minerals?utm_content=buffer2a70f&utm_medium=social&utm_source=twitter-ieabirol&utm_campaign=buffer
https://www.iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-will-need-reliable-supplies-of-critical-minerals?utm_content=buffer2a70f&utm_medium=social&utm_source=twitter-ieabirol&utm_campaign=buffer
https://www.iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-will-need-reliable-supplies-of-critical-minerals?utm_content=buffer2a70f&utm_medium=social&utm_source=twitter-ieabirol&utm_campaign=buffer
https://www.iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-will-need-reliable-supplies-of-critical-minerals?utm_content=buffer2a70f&utm_medium=social&utm_source=twitter-ieabirol&utm_campaign=buffer
http://paperpile.com/b/kJXX2f/BNFsl
http://paperpile.com/b/kJXX2f/4CyR
http://paperpile.com/b/kJXX2f/4CyR
http://paperpile.com/b/kJXX2f/4CyR
http://paperpile.com/b/kJXX2f/4CyR
https://www.mckinsey.com/business-functions/sustainability/our-insights/climate-risk-and-decarbonization-what-every-mining-ceo-needs-to-know
https://www.mckinsey.com/business-functions/sustainability/our-insights/climate-risk-and-decarbonization-what-every-mining-ceo-needs-to-know
http://paperpile.com/b/kJXX2f/4CyR
http://paperpile.com/b/kJXX2f/4CyR
http://paperpile.com/b/kJXX2f/OiwqC
http://paperpile.com/b/kJXX2f/OiwqC
http://paperpile.com/b/kJXX2f/OiwqC
http://paperpile.com/b/kJXX2f/OiwqC
http://paperpile.com/b/kJXX2f/OiwqC
http://paperpile.com/b/kJXX2f/YVvVZ
http://paperpile.com/b/kJXX2f/YVvVZ
https://www.truefootprint.com/static/03-mining-sustainability-report-2019.pdf
http://paperpile.com/b/kJXX2f/YVvVZ
http://paperpile.com/b/kJXX2f/eOXpt
https://www.cdp.net/en/info/about-us/what-we-do
http://paperpile.com/b/kJXX2f/eOXpt
http://paperpile.com/b/kJXX2f/P0tqp
http://paperpile.com/b/kJXX2f/P0tqp
http://paperpile.com/b/kJXX2f/P0tqp
http://paperpile.com/b/kJXX2f/P0tqp
http://paperpile.com/b/kJXX2f/P0tqp
http://paperpile.com/b/kJXX2f/VkWJb
http://paperpile.com/b/kJXX2f/VkWJb
http://paperpile.com/b/kJXX2f/VkWJb
http://paperpile.com/b/kJXX2f/VkWJb
http://paperpile.com/b/kJXX2f/6sZv
http://paperpile.com/b/kJXX2f/6sZv
http://paperpile.com/b/kJXX2f/6sZv
http://paperpile.com/b/kJXX2f/6sZv
https://pubs.iied.org/pdfs/G00975.pdf
http://paperpile.com/b/kJXX2f/6sZv
http://paperpile.com/b/kJXX2f/1XAhS
http://paperpile.com/b/kJXX2f/1XAhS
https://www.spglobal.com/_media/documents/spglobalratings_esgindustryreportcardmetalsandmining_jun_03_2019-003-.pdf
https://www.spglobal.com/_media/documents/spglobalratings_esgindustryreportcardmetalsandmining_jun_03_2019-003-.pdf
http://paperpile.com/b/kJXX2f/1XAhS
http://paperpile.com/b/kJXX2f/JY0m
http://paperpile.com/b/kJXX2f/JY0m
http://paperpile.com/b/kJXX2f/JY0m
http://paperpile.com/b/kJXX2f/JY0m
http://paperpile.com/b/kJXX2f/VuLwX
https://www.icmm.com/commitments/new-member-admission-process
https://www.icmm.com/commitments/new-member-admission-process
http://paperpile.com/b/kJXX2f/VuLwX
http://paperpile.com/b/kJXX2f/CZsYn
https://www.icmm.com/
http://paperpile.com/b/kJXX2f/CZsYn
http://paperpile.com/b/kJXX2f/k8CY3
http://paperpile.com/b/kJXX2f/k8CY3
http://paperpile.com/b/kJXX2f/k8CY3
http://paperpile.com/b/kJXX2f/k8CY3
https://ec.europa.eu/info/business-economy-euro/company-reporting-and-auditing/company-reporting/non-financial-reporting_en
https://ec.europa.eu/info/business-economy-euro/company-reporting-and-auditing/company-reporting/non-financial-reporting_en
http://paperpile.com/b/kJXX2f/k8CY3
http://paperpile.com/b/kJXX2f/ISrFJ
https://www.cdp.net/en
http://paperpile.com/b/kJXX2f/ISrFJ
http://paperpile.com/b/kJXX2f/wvc6G
http://paperpile.com/b/kJXX2f/wvc6G
http://paperpile.com/b/kJXX2f/wvc6G
http://paperpile.com/b/kJXX2f/wvc6G
http://paperpile.com/b/kJXX2f/wvc6G
http://dx.doi.org/10.3390/su10082881
http://paperpile.com/b/kJXX2f/wvc6G
http://paperpile.com/b/kJXX2f/abKeX
http://paperpile.com/b/kJXX2f/abKeX
http://paperpile.com/b/kJXX2f/abKeX
http://paperpile.com/b/kJXX2f/abKeX
https://www.fsb-tcfd.org/
http://paperpile.com/b/kJXX2f/abKeX
http://paperpile.com/b/kJXX2f/ox5Lo
http://paperpile.com/b/kJXX2f/ox5Lo
http://paperpile.com/b/kJXX2f/ox5Lo
http://paperpile.com/b/kJXX2f/ox5Lo
http://paperpile.com/b/kJXX2f/ox5Lo
http://paperpile.com/b/kJXX2f/skBiy
http://paperpile.com/b/kJXX2f/skBiy
http://paperpile.com/b/kJXX2f/skBiy
http://paperpile.com/b/kJXX2f/skBiy
http://paperpile.com/b/kJXX2f/IxECL
http://paperpile.com/b/kJXX2f/IxECL
http://paperpile.com/b/kJXX2f/IxECL
http://paperpile.com/b/kJXX2f/IxECL
http://paperpile.com/b/kJXX2f/IxECL
http://paperpile.com/b/kJXX2f/z22st


 

22 

Accessed: Jan. 19, 2020. [Online]. 
[51] M. Carney, “Mark Carney: Breaking the tragedy of the horizon - climate change and financial 

stability,” Oct. 2015, Accessed: Dec. 11, 2019. [Online]. Available: 
https://www.bis.org/review/r151009a.pdf. 

[52] B. K. Sovacool and N. Andrews, “Does transparency matter? Evaluating the governance impacts of 
the Extractive Industries Transparency Initiative (EITI) in Azerbaijan and Liberia,” Resour. Policy, 
vol. 45, pp. 183–192, Sep. 2015. 

[53] B. K. Sovacool, G. Walter, T. Van de Graaf, and N. Andrews, “Energy Governance, Transnational 
Rules, and the Resource Curse: Exploring the Effectiveness of the Extractive Industries 
Transparency Initiative (EITI),” World Dev., vol. 83, pp. 179–192, Jul. 2016. 

[54] B. Butler, “Rio Tinto strikes deal with big Chinese customer to find ways to cut emissions,” The 
Guardian, Sep. 25, 2019. 

[55] “2018 Working Towards Sustainable Development Report,” Freeport-McMoRan, 2018. [Online]. 
Available: https://www.fcx.com/sites/fcx/files/documents/sustainability/wtsd_2018.pdf. 

[56] S. Northey, S. Mohr, G. M. Mudd, Z. Weng, and D. Giurco, “Modelling future copper ore grade 
decline based on a detailed assessment of copper resources and mining,” Resour. Conserv. Recycl., 
vol. 83, pp. 190–201, Feb. 2014. 

[57] J.-F. Henri and O. Boiral, “Is Sustainability Performance Comparable? A Study of GRI Reports of 
Mining Organizations,” Bus. Soc. Rev., vol. 56, no. 2, pp. 283–317, 2015. 

[58] D. Sarokin, “The Toxics Release Inventory,” Environmental Science and Technology, vol. 22, no. 6, 
Jul. 2003, doi: 10.1021/es00171a600. 

[59] J. Andrew and C. L. Cortese, “Carbon disclosures: Comparability, the carbon disclosure project and 
the greenhouse gas protocol,” Australasian Accounting, Business and Finance Journal, vol. 5, no. 4, 
pp. 5–18, 2011. 

[60] S. E. Greene, “What are we missing? Scope 3 greenhouse gas emissions accounting in the metals 
and minerals industry,” Materiaux et Techniques, vol. 105, May 2018, doi: 
10.1051/mattech/2018014. 

[61] M. A. Curran, “Life-Cycle Assessment,” in Encyclopedia of Ecology, S. E. Jørgensen and B. D. 
Fath, Eds. Oxford: Academic Press, 2008, pp. 2168–2174. 

[62] P. Nuss and M. J. Eckelman, “Life cycle assessment of metals: a scientific synthesis,” PLoS One, 
vol. 9, no. 7, p. e101298, Jul. 2014. 

[63] J. Lee, M. Bazilian, and B. Sovacool, “Reviewing the material and metal security of low-carbon 
transitions,” Renewable Sustainable Energy Rev., 2020. 

[64] World Steel Association, “World Steel in Figures 2019,” World Steel Association. [Online]. 
Available: https://www.worldsteel.org/en/dam/jcr:96d7a585-e6b2-4d63-b943-
4cd9ab621a91/World%2520Steel%2520in%2520Figures%25202019.pdf. 

[65] N. Haque and T. Norgate, “Estimation of greenhouse gas emissions from ferroalloy production using 
life cycle assessment with particular reference to Australia,” J. Clean. Prod., vol. 39, pp. 220–230, 
Jan. 2013. 

[66] “OUR INDICATORS.” https://www.worldsteel.org/steel-by-topic/sustainability/sustainability-
indicators.html (accessed Feb. 02, 2020). 

[67] “Iron and steel – Tracking Industry – Analysis - IEA,” IEA. https://www.iea.org/reports/tracking-
industry-2019/iron-and-steel (accessed Feb. 02, 2020). 

[68] “How is China managing its greenhouse gas emissions? | ChinaPower Project,” ChinaPower Project, 
Jul. 19, 2018. https://chinapower.csis.org/china-greenhouse-gas-emissions/ (accessed Feb. 02, 2020). 

[69] A. Hasanbeigi, M. Arens, J. C. R. Cardenas, L. Price, and R. Triolo, “Comparison of carbon dioxide 
emissions intensity of steel production in China, Germany, Mexico, and the United States,” Resour. 
Conserv. Recycl., vol. 113, pp. 127–139, Oct. 2016. 

[70] A. Warhurst, “Corporate Citizenship and Corporate Social Investment: Drivers of Tri-Sector 
Partnerships,” The Journal of Corporate Citizenship, no. 1, pp. 57–73, 2001. 

[71] A. L. Clark and J. Cook Clark, “The new reality of mineral development: social and cultural issues 
in Asia and Pacific nations,” Resour. Policy, vol. 25, no. 3, pp. 189–196, Sep. 1999. 

[72] T. A. Börzel, J. Hönke, and C. R. Thauer, “Does it really take the state?,” Business and Politics, vol. 
14, no. 3, pp. 1–34, Oct. 2012, Accessed: Dec. 05, 2019. [Online]. 

[73] K. Böhling and D. Murguía, “Sustainability reporting in the mining sector: Why institutional 

http://paperpile.com/b/kJXX2f/z22st
http://paperpile.com/b/kJXX2f/JvzxE
http://paperpile.com/b/kJXX2f/JvzxE
https://www.bis.org/review/r151009a.pdf
http://paperpile.com/b/kJXX2f/JvzxE
http://paperpile.com/b/kJXX2f/SnenN
http://paperpile.com/b/kJXX2f/SnenN
http://paperpile.com/b/kJXX2f/SnenN
http://paperpile.com/b/kJXX2f/SnenN
http://paperpile.com/b/kJXX2f/SnenN
http://paperpile.com/b/kJXX2f/7W5DI
http://paperpile.com/b/kJXX2f/7W5DI
http://paperpile.com/b/kJXX2f/7W5DI
http://paperpile.com/b/kJXX2f/7W5DI
http://paperpile.com/b/kJXX2f/7W5DI
http://paperpile.com/b/kJXX2f/slZFh
http://paperpile.com/b/kJXX2f/slZFh
http://paperpile.com/b/kJXX2f/slZFh
http://paperpile.com/b/kJXX2f/slZFh
http://paperpile.com/b/kJXX2f/IIGva
http://paperpile.com/b/kJXX2f/IIGva
https://www.fcx.com/sites/fcx/files/documents/sustainability/wtsd_2018.pdf
http://paperpile.com/b/kJXX2f/IIGva
http://paperpile.com/b/kJXX2f/WpXkO
http://paperpile.com/b/kJXX2f/WpXkO
http://paperpile.com/b/kJXX2f/WpXkO
http://paperpile.com/b/kJXX2f/WpXkO
http://paperpile.com/b/kJXX2f/WpXkO
http://paperpile.com/b/kJXX2f/2qKoS
http://paperpile.com/b/kJXX2f/2qKoS
http://paperpile.com/b/kJXX2f/2qKoS
http://paperpile.com/b/kJXX2f/2qKoS
http://paperpile.com/b/kJXX2f/MtrRt
http://paperpile.com/b/kJXX2f/MtrRt
http://paperpile.com/b/kJXX2f/MtrRt
http://paperpile.com/b/kJXX2f/MtrRt
http://dx.doi.org/10.1021/es00171a600
http://paperpile.com/b/kJXX2f/MtrRt
http://paperpile.com/b/kJXX2f/J1R25
http://paperpile.com/b/kJXX2f/J1R25
http://paperpile.com/b/kJXX2f/J1R25
http://paperpile.com/b/kJXX2f/J1R25
http://paperpile.com/b/kJXX2f/J1R25
http://paperpile.com/b/kJXX2f/U1efW
http://paperpile.com/b/kJXX2f/U1efW
http://paperpile.com/b/kJXX2f/U1efW
http://paperpile.com/b/kJXX2f/U1efW
http://paperpile.com/b/kJXX2f/U1efW
http://dx.doi.org/10.1051/mattech/2018014
http://paperpile.com/b/kJXX2f/U1efW
http://paperpile.com/b/kJXX2f/zEzzq
http://paperpile.com/b/kJXX2f/zEzzq
http://paperpile.com/b/kJXX2f/zEzzq
http://paperpile.com/b/kJXX2f/zEzzq
http://paperpile.com/b/kJXX2f/qwUcc
http://paperpile.com/b/kJXX2f/qwUcc
http://paperpile.com/b/kJXX2f/qwUcc
http://paperpile.com/b/kJXX2f/qwUcc
http://paperpile.com/b/kJXX2f/tH0aw
http://paperpile.com/b/kJXX2f/tH0aw
http://paperpile.com/b/kJXX2f/tH0aw
http://paperpile.com/b/kJXX2f/tH0aw
http://paperpile.com/b/kJXX2f/DLw7Z
http://paperpile.com/b/kJXX2f/DLw7Z
https://www.worldsteel.org/en/dam/jcr:96d7a585-e6b2-4d63-b943-4cd9ab621a91/World%2520Steel%2520in%2520Figures%25202019.pdf
https://www.worldsteel.org/en/dam/jcr:96d7a585-e6b2-4d63-b943-4cd9ab621a91/World%2520Steel%2520in%2520Figures%25202019.pdf
http://paperpile.com/b/kJXX2f/DLw7Z
http://paperpile.com/b/kJXX2f/PWqXo
http://paperpile.com/b/kJXX2f/PWqXo
http://paperpile.com/b/kJXX2f/PWqXo
http://paperpile.com/b/kJXX2f/PWqXo
http://paperpile.com/b/kJXX2f/PWqXo
http://paperpile.com/b/kJXX2f/b06O3
https://www.worldsteel.org/steel-by-topic/sustainability/sustainability-indicators.html
https://www.worldsteel.org/steel-by-topic/sustainability/sustainability-indicators.html
http://paperpile.com/b/kJXX2f/b06O3
http://paperpile.com/b/kJXX2f/3c3vo
http://paperpile.com/b/kJXX2f/3c3vo
http://paperpile.com/b/kJXX2f/3c3vo
https://www.iea.org/reports/tracking-industry-2019/iron-and-steel
https://www.iea.org/reports/tracking-industry-2019/iron-and-steel
http://paperpile.com/b/kJXX2f/3c3vo
http://paperpile.com/b/kJXX2f/EjLTY
http://paperpile.com/b/kJXX2f/EjLTY
http://paperpile.com/b/kJXX2f/EjLTY
http://paperpile.com/b/kJXX2f/EjLTY
https://chinapower.csis.org/china-greenhouse-gas-emissions/
http://paperpile.com/b/kJXX2f/EjLTY
http://paperpile.com/b/kJXX2f/eaGu9
http://paperpile.com/b/kJXX2f/eaGu9
http://paperpile.com/b/kJXX2f/eaGu9
http://paperpile.com/b/kJXX2f/eaGu9
http://paperpile.com/b/kJXX2f/eaGu9
http://paperpile.com/b/kJXX2f/pyYvJ
http://paperpile.com/b/kJXX2f/pyYvJ
http://paperpile.com/b/kJXX2f/pyYvJ
http://paperpile.com/b/kJXX2f/pyYvJ
http://paperpile.com/b/kJXX2f/w56SF
http://paperpile.com/b/kJXX2f/w56SF
http://paperpile.com/b/kJXX2f/w56SF
http://paperpile.com/b/kJXX2f/w56SF
http://paperpile.com/b/kJXX2f/mSkoh
http://paperpile.com/b/kJXX2f/mSkoh
http://paperpile.com/b/kJXX2f/mSkoh
http://paperpile.com/b/kJXX2f/mSkoh
http://paperpile.com/b/kJXX2f/ZTSLt


 

23 

dynamics of reporting disappoint beliefs in its potentials for increased corporate accountability,” in 
Conference on Regulatory Governance between Global and Local ECPR Standing Group on 
Regulatory Governance, Barcelona, Spain, [Online]. Available: 
https://pdfs.semanticscholar.org/6ccc/dd17f9249fc5363dfe7085c37cbadfc31b6d.pdf. 

[74] The Economist, “A battle for supremacy in the lithium triangle,” The Economist, Jun. 15, 2017. 
https://www.economist.com/the-americas/2017/06/15/a-battle-for-supremacy-in-the-lithium-triangle 
(accessed Jan. 28, 2020). 

[75] O. Boiral, “Boiral,O.(2013) ”Sustainability reports as simulacra? A counter-account of A and A+ 
GRI reports”, Accounting, Auditing & Accountability Journal, 26(7): 1036-1071,” Accounting 
Auditing & Accountability Journal, vol. 26, no. 7, pp. 1036–1071, Sep. 2013, Accessed: Dec. 04, 
2019. [Online]. 

[76] “Global Trends in Artisanal and Small-Scale Mining (ASM): A review of key numbers and issues,” 
Intergovernmental Forum on Mining, Minerals, Metals and Sustainable Development. [Online]. 
Available: https://www.iisd.org/sites/default/files/publications/igf-asm-global-trends.pdf. 

[77] D. Biello, “World’s 10 Worst Toxic Pollution Problems [Slide Show],” Scientific American, Nov. 
10, 2011. 

[78] BBC News, “‘Rivers of acid’ in Zambian villages,” BBC, BBC News, Sep. 08, 2015. 
[79] D. Carrington, “The world’s most toxic town: the terrible legacy of Zambia's lead mines,” The 

Guardian, May 28, 2017. 
[80] V. Walt and S. Meyer, “Blood, Sweat, and Batteries,” Fortune, Aug. 21, 2018. 

http://fortune.com/longform/blood-sweat-and-batteries/ (accessed Jun. 24, 2019). 
[81] A. Home, “Why the cobalt market needs Congo’s ‘illegal’ miners: Andy Home,” Reuters, Reuters, 

Jul. 12, 2019. 
[82] I. Togoh, “Apple And Tesla Among Tech Giants Being Sued Over The Deaths And Injuries Of 

Child Cobalt Miners In DRC,” Forbes Magazine, Forbes, Dec. 17, 2019. 
[83] S. Kara, “Is your phone tainted by the misery of 35,000 children in Congo’s mines?,” The Guardian, 

Oct. 12, 2018. 
[84] H. artisanalmining.org, “ASM Inventory.” http://www.artisanalmining.org/Inventory/ (accessed Jul. 

26, 2019). 
[85] B. Sprecher, I. Daigo, S. Murakami, R. Kleijn, M. Vos, and G. J. Kramer, “Framework for resilience 

in material supply chains, with a case study from the 2010 Rare Earth Crisis,” Environ. Sci. 
Technol., vol. 49, no. 11, pp. 6740–6750, Jun. 2015. 

[86] A. Månberger and B. Stenqvist, “Global metal flows in the renewable energy transition: Exploring 
the effects of substitutes, technological mix and development,” Energy Policy, vol. 119, pp. 226–
241, Aug. 2018. 

[87] Copper Development Association, “Copper and the Clean Energy Transition,” Copper Development 
Association. [Online]. Available: 
https://www.copper.org/resources/market_data/infographics/copper-and-the-clean-energy-transition-
brochure.pdf. 

[88] T. Soliman, L. Fletcher, and T. Crocker, “Which miners are facing up to the low-carbon challenge? 
Executive Summary,” CDP, Jul. 2017. [Online]. Available: https://6fefcbb86e61af1b2fc4-
c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/002/365/orig
inal/mining-report-exec-summary-2017.pdf?1500499007. 

[89] T. Bell, “The World’s 10 Largest Copper Producers,” The Balance. https://www.thebalance.com/the-
10-biggest-copper-producers-2010-2340291 (accessed Feb. 26, 2020). 

[90] “Sustainability Report 2018,” BHP. https://www.bhp.com/investor-centre/sustainability-report-2018/ 
(accessed Jan. 26, 2020). 

[91] “Sustainability Report 2018: Vale.” http://www.vale.com/EN/aboutvale/relatorio-de-
sustentabilidade-2018/Pages/default.aspx (accessed Feb. 04, 2020). 

[92] “REPORTS AND DOCUMENTS | Freeport-McMoRan.” 
https://www.fcx.com/sustainability/reports-and-documents (accessed Feb. 04, 2020). 

[93] BHP, “Scope 3 Emissions Calculation Methodology 2018,” BHP, 2018. [Online]. Available: 
https://www.bhp.com/-/media/documents/investors/annual-
reports/2018/bhpscoper3emissionscalculationmethodology2018.pdf?la=en. 

[94] “Climate change | BHP,” BHP. https://www.bhp.com/environment/climate-change/ (accessed Feb. 

http://paperpile.com/b/kJXX2f/ZTSLt
http://paperpile.com/b/kJXX2f/ZTSLt
http://paperpile.com/b/kJXX2f/ZTSLt
http://paperpile.com/b/kJXX2f/ZTSLt
http://paperpile.com/b/kJXX2f/ZTSLt
http://paperpile.com/b/kJXX2f/ZTSLt
https://pdfs.semanticscholar.org/6ccc/dd17f9249fc5363dfe7085c37cbadfc31b6d.pdf
http://paperpile.com/b/kJXX2f/ZTSLt
http://paperpile.com/b/kJXX2f/lEe5l
http://paperpile.com/b/kJXX2f/lEe5l
http://paperpile.com/b/kJXX2f/lEe5l
http://paperpile.com/b/kJXX2f/lEe5l
https://www.economist.com/the-americas/2017/06/15/a-battle-for-supremacy-in-the-lithium-triangle
http://paperpile.com/b/kJXX2f/lEe5l
http://paperpile.com/b/kJXX2f/lEe5l
http://paperpile.com/b/kJXX2f/d93HO
http://paperpile.com/b/kJXX2f/d93HO
http://paperpile.com/b/kJXX2f/d93HO
http://paperpile.com/b/kJXX2f/d93HO
http://paperpile.com/b/kJXX2f/d93HO
http://paperpile.com/b/kJXX2f/d93HO
http://paperpile.com/b/kJXX2f/DzyBa
http://paperpile.com/b/kJXX2f/DzyBa
http://paperpile.com/b/kJXX2f/DzyBa
https://www.iisd.org/sites/default/files/publications/igf-asm-global-trends.pdf
http://paperpile.com/b/kJXX2f/DzyBa
http://paperpile.com/b/kJXX2f/ruXQW
http://paperpile.com/b/kJXX2f/ruXQW
http://paperpile.com/b/kJXX2f/ruXQW
http://paperpile.com/b/kJXX2f/ruXQW
http://paperpile.com/b/kJXX2f/YZoAj
http://paperpile.com/b/kJXX2f/YZoAj
http://paperpile.com/b/kJXX2f/YZoAj
http://paperpile.com/b/kJXX2f/04qeB
http://paperpile.com/b/kJXX2f/04qeB
http://paperpile.com/b/kJXX2f/04qeB
http://paperpile.com/b/kJXX2f/04qeB
http://paperpile.com/b/kJXX2f/1bBfZ
http://paperpile.com/b/kJXX2f/1bBfZ
http://paperpile.com/b/kJXX2f/1bBfZ
http://paperpile.com/b/kJXX2f/1bBfZ
http://fortune.com/longform/blood-sweat-and-batteries/
http://paperpile.com/b/kJXX2f/1bBfZ
http://paperpile.com/b/kJXX2f/n02wy
http://paperpile.com/b/kJXX2f/n02wy
http://paperpile.com/b/kJXX2f/n02wy
http://paperpile.com/b/kJXX2f/n02wy
http://paperpile.com/b/kJXX2f/sRCMR
http://paperpile.com/b/kJXX2f/sRCMR
http://paperpile.com/b/kJXX2f/sRCMR
http://paperpile.com/b/kJXX2f/sRCMR
http://paperpile.com/b/kJXX2f/094ke
http://paperpile.com/b/kJXX2f/094ke
http://paperpile.com/b/kJXX2f/094ke
http://paperpile.com/b/kJXX2f/094ke
http://paperpile.com/b/kJXX2f/A2MHY
http://www.artisanalmining.org/Inventory/
http://paperpile.com/b/kJXX2f/A2MHY
http://paperpile.com/b/kJXX2f/A2MHY
http://paperpile.com/b/kJXX2f/MgEWs
http://paperpile.com/b/kJXX2f/MgEWs
http://paperpile.com/b/kJXX2f/MgEWs
http://paperpile.com/b/kJXX2f/MgEWs
http://paperpile.com/b/kJXX2f/MgEWs
http://paperpile.com/b/kJXX2f/P7V4z
http://paperpile.com/b/kJXX2f/P7V4z
http://paperpile.com/b/kJXX2f/P7V4z
http://paperpile.com/b/kJXX2f/P7V4z
http://paperpile.com/b/kJXX2f/P7V4z
http://paperpile.com/b/kJXX2f/uXxEb
http://paperpile.com/b/kJXX2f/uXxEb
https://www.copper.org/resources/market_data/infographics/copper-and-the-clean-energy-transition-brochure.pdf
https://www.copper.org/resources/market_data/infographics/copper-and-the-clean-energy-transition-brochure.pdf
http://paperpile.com/b/kJXX2f/uXxEb
http://paperpile.com/b/kJXX2f/Sgq4u
http://paperpile.com/b/kJXX2f/Sgq4u
https://6fefcbb86e61af1b2fc4-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/002/365/original/mining-report-exec-summary-2017.pdf?1500499007
https://6fefcbb86e61af1b2fc4-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/002/365/original/mining-report-exec-summary-2017.pdf?1500499007
https://6fefcbb86e61af1b2fc4-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/002/365/original/mining-report-exec-summary-2017.pdf?1500499007
http://paperpile.com/b/kJXX2f/Sgq4u
http://paperpile.com/b/kJXX2f/tcJLE
http://paperpile.com/b/kJXX2f/tcJLE
http://paperpile.com/b/kJXX2f/tcJLE
https://www.thebalance.com/the-10-biggest-copper-producers-2010-2340291
https://www.thebalance.com/the-10-biggest-copper-producers-2010-2340291
http://paperpile.com/b/kJXX2f/tcJLE
http://paperpile.com/b/kJXX2f/6wWkM
http://paperpile.com/b/kJXX2f/6wWkM
http://paperpile.com/b/kJXX2f/6wWkM
https://www.bhp.com/investor-centre/sustainability-report-2018/
http://paperpile.com/b/kJXX2f/6wWkM
http://paperpile.com/b/kJXX2f/6wWkM
http://paperpile.com/b/kJXX2f/7nv0r
http://www.vale.com/EN/aboutvale/relatorio-de-sustentabilidade-2018/Pages/default.aspx
http://www.vale.com/EN/aboutvale/relatorio-de-sustentabilidade-2018/Pages/default.aspx
http://paperpile.com/b/kJXX2f/7nv0r
http://paperpile.com/b/kJXX2f/wpFp4
http://paperpile.com/b/kJXX2f/wpFp4
https://www.fcx.com/sustainability/reports-and-documents
http://paperpile.com/b/kJXX2f/wpFp4
http://paperpile.com/b/kJXX2f/lrATS
http://paperpile.com/b/kJXX2f/lrATS
https://www.bhp.com/-/media/documents/investors/annual-reports/2018/bhpscoper3emissionscalculationmethodology2018.pdf?la=en
https://www.bhp.com/-/media/documents/investors/annual-reports/2018/bhpscoper3emissionscalculationmethodology2018.pdf?la=en
http://paperpile.com/b/kJXX2f/lrATS
http://paperpile.com/b/kJXX2f/Rz0Jg
http://paperpile.com/b/kJXX2f/Rz0Jg
http://paperpile.com/b/kJXX2f/Rz0Jg
https://www.bhp.com/environment/climate-change/
http://paperpile.com/b/kJXX2f/Rz0Jg


 

24 

04, 2020). 
[95] “Scope 3 Calculation Guidance | Greenhouse Gas Protocol.” https://ghgprotocol.org/scope-3-

technical-calculation-guidance (accessed Feb. 04, 2020). 
[96] “CDP- Freeport-McMoRan Inc. - Climate Change 2018.” 

https://www.cdp.net/en/formatted_responses/responses?campaign_id=62255737&discloser_id=7314
74&locale=en&organization_name=Freeport-
McMoRan+Inc.&organization_number=23228&program=Investor&project_year=2018&redirect=ht
tps%3A%2F%2Fcdp.credit360.com%2Fsurveys%2Fft9rgfbw%2F18856&survey_id=58150509 
(accessed Jan. 31, 2020). 

[97] “CDP - Vale - 2018.” 
https://www.cdp.net/en/responses/20050?back_to=https%3A%2F%2Fwww.cdp.net%2Fen%2Frespo
nses%3Fpage%3D2%26per_page%3D5%26queries%255Bname%255D%3Dvale%26sort_by%3Dpr
oject_year%26sort_dir%3Ddesc%26utf8%3D%25E2%259C%2593&queries%5Bname%5D=vale 
(accessed Feb. 05, 2020). 

[98] “BHP OPERATIONAL REVIEW FOR THE YEAR ENDED 30 JUNE 2018,” BHP, Jul. 2018. 
[Online]. Available: https://www.bhp.com/-/media/documents/media/reports-and-
presentations/2018/180718_operationalreviewfortheyearended30june2018.pdf?la=en. 

  

 

 

 

 

http://paperpile.com/b/kJXX2f/Rz0Jg
http://paperpile.com/b/kJXX2f/zMiit
https://ghgprotocol.org/scope-3-technical-calculation-guidance
https://ghgprotocol.org/scope-3-technical-calculation-guidance
http://paperpile.com/b/kJXX2f/zMiit
http://paperpile.com/b/kJXX2f/mLiH7
http://paperpile.com/b/kJXX2f/mLiH7
https://www.cdp.net/en/formatted_responses/responses?campaign_id=62255737&discloser_id=731474&locale=en&organization_name=Freeport-McMoRan+Inc.&organization_number=23228&program=Investor&project_year=2018&redirect=https%3A%2F%2Fcdp.credit360.com%2Fsurveys%2Fft9rgfbw%2F18856&survey_id=58150509
https://www.cdp.net/en/formatted_responses/responses?campaign_id=62255737&discloser_id=731474&locale=en&organization_name=Freeport-McMoRan+Inc.&organization_number=23228&program=Investor&project_year=2018&redirect=https%3A%2F%2Fcdp.credit360.com%2Fsurveys%2Fft9rgfbw%2F18856&survey_id=58150509
https://www.cdp.net/en/formatted_responses/responses?campaign_id=62255737&discloser_id=731474&locale=en&organization_name=Freeport-McMoRan+Inc.&organization_number=23228&program=Investor&project_year=2018&redirect=https%3A%2F%2Fcdp.credit360.com%2Fsurveys%2Fft9rgfbw%2F18856&survey_id=58150509
https://www.cdp.net/en/formatted_responses/responses?campaign_id=62255737&discloser_id=731474&locale=en&organization_name=Freeport-McMoRan+Inc.&organization_number=23228&program=Investor&project_year=2018&redirect=https%3A%2F%2Fcdp.credit360.com%2Fsurveys%2Fft9rgfbw%2F18856&survey_id=58150509
http://paperpile.com/b/kJXX2f/mLiH7
http://paperpile.com/b/kJXX2f/mLiH7
http://paperpile.com/b/kJXX2f/RePhy
http://paperpile.com/b/kJXX2f/RePhy
https://www.cdp.net/en/responses/20050?back_to=https%3A%2F%2Fwww.cdp.net%2Fen%2Fresponses%3Fpage%3D2%26per_page%3D5%26queries%255Bname%255D%3Dvale%26sort_by%3Dproject_year%26sort_dir%3Ddesc%26utf8%3D%25E2%259C%2593&queries%5Bname%5D=vale
https://www.cdp.net/en/responses/20050?back_to=https%3A%2F%2Fwww.cdp.net%2Fen%2Fresponses%3Fpage%3D2%26per_page%3D5%26queries%255Bname%255D%3Dvale%26sort_by%3Dproject_year%26sort_dir%3Ddesc%26utf8%3D%25E2%259C%2593&queries%5Bname%5D=vale
https://www.cdp.net/en/responses/20050?back_to=https%3A%2F%2Fwww.cdp.net%2Fen%2Fresponses%3Fpage%3D2%26per_page%3D5%26queries%255Bname%255D%3Dvale%26sort_by%3Dproject_year%26sort_dir%3Ddesc%26utf8%3D%25E2%259C%2593&queries%5Bname%5D=vale
http://paperpile.com/b/kJXX2f/RePhy
http://paperpile.com/b/kJXX2f/RePhy
http://paperpile.com/b/kJXX2f/bOggG
http://paperpile.com/b/kJXX2f/bOggG
https://www.bhp.com/-/media/documents/media/reports-and-presentations/2018/180718_operationalreviewfortheyearended30june2018.pdf?la=en
https://www.bhp.com/-/media/documents/media/reports-and-presentations/2018/180718_operationalreviewfortheyearended30june2018.pdf?la=en
http://paperpile.com/b/kJXX2f/bOggG

	1. Introduction
	2. Current Environmental Impacts of Mining
	3.   Evaluating the state of Corporate Mining Reports
	3.1 Background
	3.2 Numerous reporting initiatives and standards
	3.3 Comparability
	3.4 Quantitative Comparisons

	4. Common Evidence and Themes within the Literature
	4.1 GHG Emissions
	4.2 LCA Based Calculations
	4.3 Environmental Impacts in Developing Economies

	5. Common Lacunae and Missing Information within the Literature
	5.1 Gaps in environmental reporting within sustainability reports
	5.2 Artisanal and small-scale mining enterprises
	5.3 Illegal or criminal supply chains

	6. A Case Study in Corporate Governance: Copper
	6.1 Copper as an exemplar for low-carbon transitions
	6.2 Calculating the environmental impacts of copper
	6.3 Freeport - McMoRan
	6.4 Vale
	6.5 BHP

	7. Conclusion and Further Research

