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Abstract

The global mining industry faces mounting pressure to become more responsible
in achieving environmental goals while also meeting increasing global demands for
materials. With a need for efficient and cost-effective production, firms can be tempted to
deprioritize responsible mining practices that would meet environmental aims. Achieving
responsible mining may depend on two factors: leadership orientation toward
sustainability and the development of sustainability-related innovations. However, the
role of these factors in driving responsible mining has yet to be fully examined.

Using data from the Responsible Mining Index, an independent scoring of how 40
global mining firms address environmental aspects related to the United Nations
Sustainable Development Goals (SDGs), I analyzed the impact of sustainability
orientation and sustainability-related innovations on these scores. Sustainability
orientation was measured using text analysis of annual reports for sustainability keyword
density and frame positivity, while a patent portfolio analytics tool was used to assess the
proportion of SDG-related innovations.

The analysis revealed that sustainability keyword density and a higher proportion
of SDG-related patents were positively correlated with responsible mining, while frame
positivity showed no significant correlation. This original analysis suggests that mining
firms’ communication of sustainability efforts and focus on SDG-driven innovation are

not merely “greenwashing” but instead can underpin responsible mining practices.



Acknowledgments

I would like to thank my thesis director, Dr. Jennifer Cole, for serving in this role
and for her encouragement on this project. She taught the class on the topic of natural
resource materials which lay a foundation for me to pursue a project in the mining
industry. I am grateful to her for being such a steadfast supporter of this project. I am
thankful for Dr. Mark Leighton for all his insight provided as part of his Crafting the
Thesis Proposal course, which set the groundwork for this study. During this summer
course held in the Harvard Northwest Science Building, as well as in various events on-
campus and up in Gloucester, he also helped to develop a true community among our
cohort of sustainability scholars researching a fascinating and broad range of topics.

I am grateful for the guidance of Ms. Poping Le of the Baker Library of Harvard
Business School as part of the patent analysis portion of this work; she also introduced
me to colleagues from Lexis Nexis who were central to providing tools and instruction
for this analysis. I also want to acknowledge the guidance of Mr. Hugh Truslow, Head of
Social Sciences and Visualization at the Harvard Faculty of Arts and Sciences Libraries,
with respect to the text analysis aspect of this study.

An early-stage version of this work was presented at the September 2024 MIT
Global Summit on Mine Tailings Innovation, and I am thankful for the feedback received
from industry and academic colleagues on my poster session presentation of this study at
that stage of development. This summit also provided introductions to key individuals in
the mining sector and the work they are doing to bring new responsible mining
innovations to practice, and two case study examples from the summit are highlighted in

this study.

v



Table of Contents

ACKNOWICAZMENLS. .....eoiiiiiieiiieiieie ettt ettt ettt eesabe e bt e snbeenseeeneeenns v
LSt OF TADIES ..ottt ettt et st vii
LSt OF FIGUIES ..ttt ettt ettt st et e s b e esaesnaeenseessseenseens viii
Chapter T INtrodUCTION........cccuieiiieiieiie ettt ettt et e s eaeebaesaaeenbeessneenseens 1
Research Significance and ObJECtiVES ........c.eeviiriieriieiiierieeieete e 3
Back@round...........ooouieiiiiiiiie e 4
Environmental Sustainability and Responsible Mining..............cccccvevieeieeniiennnnne. 6

Example Case 1: Hydraulic Dewatered Stacking (HDS) at Anglo
ANCTICAN ...ttt st sttt be b bt 9

Example Case 2: Using Byproducts from Aluminum Smelting for

Agricultural Inputs at Rio Tinto..........ccoevvieeviienieeiiieieeieeieeeeee e 12

Advancing Sustainability in Firms: Lessons from Other Industries...................... 15

The Challenges of Achieving Responsible Mining and Possible Solutions.......... 16
Sustainability Orientation ............ccceceerieeiieenieeiieenie et eee e 18

Framing the Context as Positive or Negative ........c.ccceceevueeienienenieneenens 21

Sustainability INNOVAIONS.........ccciieiiierieeiieiie et 22

Research Questions, Hypotheses and Specific Aims..........ccceceeeviienciieniveniienieennen. 25
Chapter IT MEthOAS .......ooouieiiieiieeie ettt ettt et e e e e abeesbeennnas 27
Sustainability Orientation MEaSUIE. ..........c.cecveeiierieeiiieniieeie et eiee e 28
Opportunity Framing ..........cccoecieriienieiiieiiesie et 32



Sustainability INNOVation MEASUIE ..........cceeriieiiieriieeiieiie ettt 33

Overview of Mapping the UN SDGs to Patents...........ccccceeveeniienieennnnnne. 34

SDGs Used to Classify Responsible Mining Patents...........c.ccccceeveennennnee. 36

Cleaning of Patent Assignment Data ............ccoceeverieninninieninnienieneeene, 36

Chapter TIT RESUILS ....c..eieiiiiiieiiece ettt ettt ettt e e esabeesbeennnas 37
Sustainability Orientation (Keyword Analysis) Results...........ccocveviieiiiiniennnnne. 37
Opportunity Framing (Frame Positivity) Results ..........cccccooviiniiieniiiniiiiieiieeee 39
Sustainable Innovation (SDG-Related Patents) Results ...........cccoeeevviiiciieeciinennnen. 42

Full Model RESUILS .....co.uiiiiiiiiiiiieieeee e 45
Relative Importance of Variables of Interest.........c.ccovceevieriiniineniieneennns 47

Chapter TV DISCUSSION ......eeiiiieiieeiieeiie ettt ete et e ete et e ste et e s aeebeesabeesbeessseeseesaseenseensnas 48
Implications for the Mining INdUSHIY ........cccouieiiiiiiiiiiiiiceeeeeee e 49
Implications for Studies of Responsible Innovation More Broadly ...................... 51
Limitations and Future Research Directions..........c.cceeeevierienennienieneeienienieeene 52
CONCIUSIONS ...ttt ettt ettt ettt et st e bttt e e bt enbesaee e 54
RETETEICES ...ttt sttt st et 57

Vi



List of Tables

Table 1. Companies studied, in descending order of 2022 annual revenues. .................... 27

Table 2. Overview of sustainability-related keyword data collected across annual reports.

Table 3. SDGs used for patent MAPPING. .....ceecveerueeriieriieeiieie ettt eee et sre e seeebee e 36

Table 4. Linear regression summary of sustainability keyword density and RMI score...39

Table 5. Calculated frame positivity values for 36 mining firms. ...........ccceceeevverirenneennen. 40
Table 6. Included firm patent portfolio sizes and SDG-related patents, 2022................... 42
Table 7. Linear regression results for SDG Patent Ratio and RMI score. .........ccccevenneeee. 44

Table 8. Multivariate regression results for Sustain Density and SDG Patent Ratio. ....... 46

Table 9. Standardized coefficients for independent variables. ...........cccccceeviienieniieneenen. 47

vii



List of Figures

Figure 1. Increased mining of copper worldwide. ...........cccevviiiiieiiienieiiieieeeeeeeee e 5
Figure 2. Increases in mine tailings worldwide, 2010-2018.........cccoooiiriininiieniiiinieneeene 5
Figure 3. Ranges of RMI environmental responsibility scores among the forty firms........ 7
Figure 4. HDS demonstration site at Anglo American’s El Soldado Mine, Chile. ........... 11
Figure 5. Interior of the Rio Tinto Jonquiere smelter site in Quebec, Canada. ................. 14
Figure 6. Number of mining patent families 1990-2015 by type of owner. .........cc........... 25

Figure 7. Example sustainability-related keyword variation within an annual report.......31

Figure 8. Sustainability-related keyword density differences between high- and low-RMI

SCOTE COMMPANIECS. ..vvveereenreesureeteesiteesseessseeseessseeseessseeseessseenseessseenseessseenseesssesnseessseenseensnes 38
Figure 9. Scatter plot of RMI score vs sustainability-related keyword density................. 39
Figure 10. Comparison of frame positivity between lower and upper RMI groups. ......... 41
Figure 11. Comparing RMI scores between low- and high-SDG patent portfolios. ......... 43
Figure 12. Scatterplot of SDG Patent Ratio versus RMI Score........ccccocuerienierieneeniennenne. 45

viii



Chapter I

Introduction

Every manufactured good—including laptop computers, batteries, and solar
panels—can be traced back in the supply chain to the mining of metals and minerals.
Even simple products, such as molded plastic parts, are formed using energy from
extracted resources, such as coal. As described by Ed Conway, author of “Material
World,” while only some products may be made with a metal such as steel, almost every
product you touch every day is made with something that was itself made with steel, and
most agricultural and food products were harvested, processed, or transported with
machines made of steel (Conway, 2024).

Mining is a fundamental industry in an industrialized economy, but firms have
increasingly been pressured to adopt more responsible mining practices that incorporate
the needs of environmental stakeholders in addition to profit-seeking shareholders
(Mudd, 2021). Acting in a responsible manner creates two large challenges for mining
firms. First, this industry is global in scale and has a large environmental footprint within
the communities they operate, so any change in policy is complicated and requires
significant investment of time and money. Secondly, the end-products such as minerals,
metals, and coal are broadly commodities with very little practical differentiation.
Therefore, a mining firm may not be able to extract a “green premium” that is available
to firms producing differentiated products in the consumer sector (Berger, 2019),
weakening the incentive to adopt the responsible practices when compared with

consumer-facing industries.



Promoting environmental sustainability in mining firms may be difficult, but it
may drive multiple rewards both to the firm and to society. Across many sectors,
sustainability has been shown to be good for business, as firms that have a high
sustainability reputation tend to have improved financial performance (Eccles et al.,
2014). A “sustainability orientation,” where leadership promotes a culture of
sustainability that provides the basis for action, has been shown to lead to developing
more innovations (Claudy et al., 2016) and to a range of outcomes that can be beneficial
to the firm and to society (Usman Khizar et al., 2022). An example of such sustainable
leadership in the mining industry would be calling attention across the organization to the
need to reduce the use of fossil fuels in refinement processes and finding means to use
renewable energy sources in its place. Overall, a focus on sustainability orientation might
then provide financial benefits to the organization in terms of a higher degree of energy
independence, as well as providing environmental benefits.

In addition to top-management sustainability orientation, a second possible means
to promote sustainable outcomes is to invest in innovations that change the nature of
products and processes so that the firm has a reduced environmental impact (Endl et al.,
2021; Fernandez, 2022). An example of such a sustainability-focused innovation would
be the patenting of a new means to reduce bioleaching when mining minerals.

Achieving environmental sustainability in this industry fits into a movement
termed “responsible mining” (Mudd, 2021). Responsible mining is achieved when
financial targets are met only if broader environmental and societal needs are also
addressed, and international non-profit organizations have been established to encourage

and measure the degree firms practice responsible mining (Responsible Mining



Foundation, 2022). Understanding the drivers of a responsible mining industry is
important for society as we try to be better stewards of the world’s resources, and
uncovering the possible impacts of sustainability orientation and sustainable innovations
on responsible mining is the focus of this study.

Researching the drivers of how mining companies shift to responsible mining is
critical for both management practice in mining and in the generation of knowledge more
broadly. On a practical level, the global mining industry can contribute to significant
negative environmental impacts, such as contaminated tailings from mine sites or high
levels of fossil-fuel energy consumption in refining. What is needed is guidance for
firms on how specific new organizational practices to become more sustainable will help

reduce environmental issues.

Research Significance and Objectives
Theoretically, the mining industry provides an enlightening and challenging
context in which to study how to promote responsible practices in general. My research
evaluated how leadership and investments in innovation each shape outcomes in the
mining industry. The results can guide practices that are beneficial more broadly to
firms, even those outside the mining industry, leading to amplified sustainability impact.
My research objectives were to:
e Test the degree to which a higher degree of sustainability orientation corresponds
to more responsible mining
e Test whether a positive framing of the firm’s context is associated with

responsible mining



e Test the degree to which a higher degree of sustainability innovations corresponds
to more responsible mining
e Use my own analysis to provide guidance to how mining firms could change their

practices and policies

Background

The use of material in buildings, infrastructure, and machinery has increased over
23-fold over the past century (Krausmann et al., 2017). The extraction of materials such
as copper to make pipes, wiring, and other products supports this infrastructure. The
increase in extraction of some materials, such as copper, has seen nearly exponential
world-wide growth (Figure 1). This trend of increased extraction of many materials in
the past decade continues to be ever-increasing, putting tremendous pressure on firms to
extract such materials. Even though more energy comes from renewable sources and
coal is being phased out for environmental and health reasons (Rauner et al., 2020), coal
mining will continue in many parts of the world (Jakob et al., 2020).

The extraction of these metals and minerals results in mine tailings. Mine tailings
are the leftover materials after valuable minerals have been extracted from mined ore.
These waste materials are typically stored in large piles or reservoirs, and they can
contain many of the chemicals used in the extraction process, which makes managing
them safely a key environmental concern. The recent growth and increased stocks of
mine tailings worldwide (Figure 2) present significant environmental concerns.
Reducing the amount of tailings generated and better management of mine tailings

facilities are two areas of focus in the industry.



16

14 "

Other Countries (rest of world)

=y
N

-
o

Annual Copper Production (Mt Cu)

Annual Copper Production (Mt Cu)
©

2 World —USA
—Australia —2—Canada
| —cnile
0 copEaasic D B8 . i
1840 1860 1880 1900 1920 1940 1960 1980 2000

Figure 1. Increased mining of copper worldwide.

Data from 1840 to 2008 (main figure) and from 1990 to 2008 (inset). From Mudd
(2010b)
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Figure 2. Increases in mine tailings worldwide, 2010-2018.

Figure from “Tailings Reduction Roadmap” (International Council on Mining and
Metals, 2022)



Environmental Sustainability and Responsible Mining

The mining industry has typically been devoted to the most cost-effective means
of extraction, and traditionally “most innovations are related to cost-cutting processes,
aiming to improve [mining firms’] narrow margins” (Daly et al., 2022, p. 25). Given
such pressures, the notion of “sustainable mining” might seem like a paradox (Mudd,
2010). However, for many years there has been a growing interest in developing
sustainable mining (Laurence, 2011), with many mining firms recently working to
address the UN Sustainable Development Goals (SDGs) (Endl et al., 2021). One term
that has gained currency is the concept of “responsible mining” (Mudd, 2021).
Responsible mining involves considering multiple stakeholders in meeting environmental
and social goals alongside industry profitability (Bice, 2016). The Responsible Mining
Foundation (RMF), a non-profit organization (founded in Vaud, Switzerland), has
tracked and promoted developments in this area, to reflect interest in what a responsible
and more sustainable mining industry can look like. The RMF has defined responsible
mining as “mining that demonstrably respects and protects the interests of peoples and
the environment and contributes discernibly and fairly to broad economic development of
the producing country” (Responsible Mining Foundation, 2021, p. 8).

The RMF has provided an independent detailed ranking of firms by their overall
responsibility in line with UN SDGs in 2022, in an index they call the Responsible
Mining Index (RMI) (Responsible Mining Foundation, 2022). The RMI results in
environmental responsibility show a wide range (Figure 3). In the environmental realm,

the score is comprised of an assessment related to items such as lifecycle analysis



adoption, environmental and social governance (ESG) metrics, circular materials

management, and tailings management.

Environmental Responsibility results
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Figure 3. Ranges of RMI environmental responsibility scores among the forty firms.

Image from Responsible Mining Foundation (2022). RMI refers to Responsible Mining
Index.

The RMI score is constructed to give a target for a certain measure, setting this
target at 100% compliance. As of 2022 for global firms, the RMI score for
environmental responsibility ranged from a leading position of meeting 58% of societal

expectations down to meeting less than 10% of such expectations, with an average of just



under 30% (Figure 3). The calculation is based on assessments using both public data
and company data. An independent expert team audited material from each firm,
augmented by mine site visits, and derived scores of commitment (such as stated aims),
action (such as new processes), and effectiveness (such as measured outcomes).
Evaluation from across these three areas led to an overall score for each firm. A
“collective best score” as indicated in the accompanying figure represents the summation
of the best scores of commitment, action, and effectiveness at the time of the audit in
2022. These results show that there is a broad spread in how well firms currently address
environmental responsibility, as well as the gap that still exists in being a truly
responsible firm meeting 100% of societal expectations.

Promoting responsible mining is not confined to the RMF; over the past decade
industry experts and academic scholars have both increased the focus on how to do better
on environmental and social measures. One of the first books providing a deep-dive on
responsible mining argued that responsible mining is more than just corporate social
responsibility (CSR), because mining companies must often adopt broader roles which
are typically the remit of government, such as self-monitoring their operations (Bice,
2016). While Bice’s text does not provide direct measures, she provides a framework for
how firms can think about responsible mining across five principles: Holistic assessment,
ethical relationships, community-based agreements, appropriate boundaries, and good
governance (Bice, 2016). A leading expert in responsible mining, Professor Gavin
Mudd, currently with the Critical Minerals Intelligence Centre in the UK, has outlined
that emerging certification schemes across the industry can help to promote responsible

mining in a way that can make the industry far more sustainable (Mudd, 2021), but his



work and the work of academics in the industry do not independently rank or rate
sustainability practices across firms.

The focus within the industry has been in adopting and disseminating more
sustainable practices, with organizations like the International Council on Mining and
Metals (ICMM) pooling insights from across their membership to develop industry
principles to support sustainability. The ICMM has developed a list of ten principles,
among them to implement practices that protect and restore the environment, contribute
to the conservation of biodiversity, and to work toward continual improvement in social,
environmental, and economic performance (International Council on Mining and Metals,
2020). The ICCM is also active in developing certifications that their member
organizations can use to promote their adherence to sustainable practices. However, this
industry body does not rank or compare among its member firms. The RMF, as an
industry-independent non-profit body, is the sole organization providing cross-firm
comparisons of current levels of meeting responsible mining objectives.

What does responsible mining look like in the industry? In the following two
sections I provide two example short case studies that outline innovations that have

addressed environmental concerns in the mining industry.

Example Case 1: Hydraulic Dewatered Stacking (HDS) at Anglo American

Hydraulic Dewatered Stacking (HDS) is an innovative tailings management
system developed by Anglo American, the top-scoring firm for RMI environmental
responsibility in its most recent ranking (Responsible Mining Foundation, 2022) (Figure
3). HDS addresses a fundamental challenge in mining: how to improve mine tailings

storage. The material in this section is taken from a conference paper presented at the



June 2024 10" International Tailings Conference in Santiago Chile (Newman et al.,
2024), with a follow-up presentation at the September 2024 MIT Global Summit on Mine
Tailings Innovation in Cambridge, Massachusetts.

HDS technology creates desaturated tailings facilities by incorporating drainage
channels made from “fines-free sand” derived from the tailings themselves. Fines-free
sand refers to sand that has been processed to remove fine particles, such as clay, silt, or
very small mineral particles, leaving behind coarser grains. In the context of HDS and
tailings management, fines-free sand is derived from the tailings themselves through a
classification process. This sand has a larger particle size and minimal fine particles,
which makes it highly permeable.

The purpose of using fines-free sand in HDS is to create drainage channels within
the tailings storage facility. These channels facilitate the rapid removal of water from the
surrounding tailings, allowing for more effective dewatering and consolidation of the
tailings mass. By providing efficient drainage, the fines-free sand helps to create a
desaturated tailings facility, which is safer and more environmentally stable than current
methods. This sand plays a crucial role in enhancing water recovery, stability, and overall
performance of the HDS system. An image of the layout of this approach is given in
Figure 4, with an inset showing the instrumentation layout used to gauge effectiveness

(Newman et al., 2024).
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Central Sand Channel Main Embankment

Fluidiser Sand Stockpile

Figure 4. HDS demonstration site at Anglo American’s El Soldado Mine, Chile.

Photograph from Anglo American, as featured in Newman et al. (2024)

Unlike conventional tailings management systems, where tailings remain
saturated and pose long-term environmental and safety risks, HDS continuously dewaters
the tailings, significantly improving water recovery and stability. The primary advantage
of HDS is that it offers similar benefits to more expensive filtered tailings solutions but at
a much lower cost, as it avoids the high capital costs associated with mechanical filtration
systems.

HDS has demonstrated its effectiveness at Anglo American’s El Soldado mine in
Chile, where a large-scale trial has shown promising results (Newman et al., 2024). This
trial aimed to confirm the hypothesis that the system’s engineered drainage channels
would accelerate dewatering and consolidation. With a capacity of 150,000 cubic meters,

the demonstration facility has shown rapid dewatering of tailings and proven that new
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vertical drainage channels can influence tailings desaturation up to 20 meters from the
drainage channel. The technology is especially useful in regions where water is scarce,
such as Chile and Peru, as it enhances water recovery.

The importance of HDS lies in its potential to reduce the risks associated with
traditional tailings storage, particularly the risk of tailings dam failures, which have
caused significant environmental and social damage in the past. By creating a stable,
unsaturated tailings facility, HDS minimizes the likelihood of liquefaction, a critical
safety concern. Furthermore, the technology facilitates progressive mine closure,
reducing long-term closure costs and enabling faster repurposing of land. These factors
contribute to both environmental sustainability and improved social outcomes, aligning
HDS with several UN Sustainable Development Goals (SDGs), specifically SDG 6
(Clean Water and Sanitation). As water scarcity becomes a more pressing issue for
mining companies, HDS presents a cost-effective solution that can be adopted more
widely in the industry, potentially transforming the way tailings are managed globally.
Overall, this first case demonstrates a new mining industry method that can have

significant effect on environmental sustainability.

Example Case 2: Using Byproducts from Aluminum Smelting for Agricultural Inputs at
Rio Tinto

The mining and metals industry encompasses a wide range of processes, from
resource extraction to metal refining processes such as smelting. Smelting, a key stage in
aluminum production, generates industrial byproducts that can cause environmental
challenges. In this second case, Rio Tinto’s innovative use of byproducts from aluminum

smelting operations in Saguenay—Lac-Saint-Jean, Quebec are outlined, drawing from a

12



paper presented at the REWAS (“REcycling and WASte) 2022 conference, a series of
conferences organized by The Minerals, Metals & Materials Society. The paper, titled
“From Aluminum Industry Waste to Soil Amendment for Cash Crops and Fertilizer for
Lowbush Blueberry,” was authored by researchers at Rio Tinto’s Canadian research
organization working in partnership with local universities (Guérin et al., 2022), and an
overview of this work was also given in a talk at the September 2024 MIT Global
Summit on Mine Tailings Innovation in Cambridge, Massachusetts.

Rio Tinto scores well within the upper half of companies on the Responsible
Mining Index for environmental responsibility (Responsible Mining Foundation, 2022)
(Figure 3), and the conference paper outlines innovative uses for two byproducts:
synthetic anhydrite and aqua-catalyzed hydrated lime (CHAC), both of which are
repurposed as valuable agricultural inputs (Guérin et al., 2022). These byproducts are
now being used as soil amendments and fertilizers, contributing to both industrial waste
reduction and local agricultural productivity.

Aluminum smelting, part of the aluminum production chain that begins with
mining bauxite and refining alumina, generates emissions like sulfur dioxide. The
Jonquiere smelter site (interior in Figure 5) generates more than 400 kt of by-products
from operations, including 80 kt of synthetic anhydrite. Synthetic anhydrite is produced
during the transformation of fluorspar into aluminum fluoride, a process essential for
aluminum electrolysis. This byproduct consists of more than 95% calcium sulfate,
making it an excellent source of calcium and sulfur—both essential nutrients for plant
growth. CHAC, on the other hand, is a byproduct from Rio Tinto’s coke calciner plant,

where sulfur dioxide emissions are neutralized with hydrated lime.

13



Figure 5. Interior of the Rio Tinto Jonquiere smelter site in Quebec, Canada.

Photo from Rio Tinto

The use of these byproducts as fertilizers aligns with circular economy principles,
transforming industrial waste into a resource for local farmers. Field trials have shown
that synthetic anhydrite, when applied to lowbush blueberry, a key agricultural product in
Quebec, improves nutrient concentrations and enhances yields, while CHAC has been
shown to correct soil acidity and support plant growth (Guérin et al., 2022). Synthetic
anhydrite has even been certified as a commercial fertilizer by the Canadian Food
Inspection Agency (Guérin et al., 2022).

This innovation contributes to multiple UN Sustainable Development Goals,
including SDG 12 (Responsible Consumption and Production), by reducing industrial

waste and reusing byproducts in agriculture, and SDG 15 (Life on Land), by improving

14



soil health and reducing the need for synthetic fertilizers, promoting sustainable land use
and biodiversity. In summary, this case and the proceeding provide two examples of how

innovation in the mining industry can improve environmental responsibility.

Advancing Sustainability in Firms: Lessons from Other Industries

Prior research has established three important points from outside the mining
sector on how a firm’s focus on sustainability is linked to positive outcomes. First,
research across a broad selection of firms has found that firms adopting a corporate
sustainability focus tend to have not only more sustainable outcomes but also higher
financial performance. For example, one study on a broad matched sample of 180
companies found those that adopted “high sustainability” organizational practices had
overall more profitability than those that did not (Eccles et al., 2014). More recent
studies have broadly supported this premise, such as one that indicated that “best-in-
class” firms on social responsibility metrics outperform peers, through the results are
somewhat weaker than found in the Eccles et al. work (Awaysheh et al., 2020).

A second main finding is that the leadership concept termed a “sustainability
orientation” helps to explain positive financial performance as well as new product
development success. Sustainability orientation combines sustainability culture (such as
leadership focus on sustainability by the top management team) and the use of
sustainability practices (such as specific goals for carbon emission reductions) (Claudy et
al., 2016). In Claudy et al.’s (2016) survey of over 300 firms across 24 countries, firms
with high sustainability orientation were found to have better overall new product
development success. The sustainability orientation was measured by asking participants

several questions about how important, for example, “environmental sustainability” was
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for their company, and sustainability practices were measured from answering questions
about, for example, the use of “carbon footprint analysis.” The outcome variable, “new
product success,” was a self-reported measure of how well a firm’s new products met
objectives. When a firm’s leadership is oriented around sustainability, improved
outcomes are likely in most industries (Claudy et al., 2016; Eccles et al., 2014).

Finally, research has shown that a focus on sustainability innovations—those
processes or products that improve how a firm does business—can help to drive
sustainable outcomes. While the research in this area is still emergent, one recent study
has shown how energy-related patents correspond to increased sustainable outcomes in
the European energy sector (Chen et al., 2023). Using data of energy-related patents
across the timeframe 1998-2019, Chen and colleagues (2023) found that those EU
countries with a higher density of energy-related patenting (focused on improving
efficiency) tended to do better on energy sustainability metrics than those with lower
intensity of energy-related patents.

These three points from prior broader industry studies outline the types of
measures that are important when considering the drivers of responsible mining: Both
sustainability leadership and sustainability innovations may play a role within firms in the
mining industry, but the effects may differ given both the challenges of scale and the

unique commodity nature of this sector.

The Challenges of Achieving Responsible Mining and Possible Solutions
Because it provides such an extreme case with inherent challenges, the mining
industry provides a context in which any resulting lessons on how to achieve sustainable

outcomes will be amplified for firms more generally. Often the use of extreme settings in
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management and organizational research can provide insight not as readily available from
typical firms, providing templates for other organizations to follow (Eisenhardt, 1989).

The first inherent challenge in achieving responsible mining is that mining
product demands are scaling so fast that it can put great pressures to cut down on
sustainability efforts. For example, recent US policy that encourages the development of
battery technologies is putting great strain on the supply of minerals, causing unintended
environmental effects of mining and impacting the supply of minerals for other industries
(Trost & Dunn, 2023). A recent opinion essay in the Proceedings of the National
Academy of Sciences also highlights this area of concern. With over three billion tons of
materials that need to be mined for a clean energy transition, the premise is that
“business-as-usual” will lead to environmental and ecological peril; only responsible
mining practices can support this process (Sonter et al., 2023). The stakes are very high
both in terms of satisfying the demand for materials and for doing so in a responsible
manner.

A second inherent challenge of mining is that when compared with most firms,
the resulting output has very little differentiation, and so firms primarily compete on cost
and quality, not on product features related to sustainability. Firms may gain positive
reputation for being a responsible supplier, but the actual product cannot be differentiated
from one that is produced under less responsible means, and so firms do not gain a “green
premium’” that might be paid to firms from consumers (Berger, 2019). In many
industries, firms have not only moral incentives to move toward sustainable solutions but
also financial incentives that may reward them for signaling a commitment to more

sustainable products, spurring on innovation and development efforts (Kimsey et al.,
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2023). In the mining industry such clear signals are difficult to discern, and so it can be
even harder to motivate and direct a firm toward responsible outcomes.

In the context of such challenges, it is especially valuable to understand the
drivers of sustainable outcomes. Prior research has called for further examination of the
detailed mechanisms that may drive beneficial sustainability outcomes in firms broadly
(Claudy et al., 2016; Eccles et al., 2014). And recent research calls into question whether
current innovation processes and associated metrics are as effective as they should be for
guiding efforts for a more sustainable future (Bansal & Grewatsch, 2020). With this
context in mind, I investigated the main theorized drivers of sustainable mining, which

are described below.

Sustainability Orientation

How might a mining firm advance an environmentally sustainable and responsible
approach? One method is for leadership to describe the sustainable measures they are
taking through communication such as industry conference calls and statements in annual
reports. Large mining firms have recently advanced the message of sustainability to their
stakeholders; an examination of the word-counts of sustainability topics in annual reports
was positively correlated to firm size among 100 firms in the Australian mining sector
(Miklosik & Evans, 2021). Such leadership discourse can focus on how to advance a
culture and broader orientation of the firm. In a study based on interviews from 18
individuals in the mining industry, culture was perceived as an important driver for firms
in Australia, such as allowing for a tolerance to take risks in the pursuit of innovations
(Kashan et al., 2021). So, advancing ideas through leadership messages in annual reports

may help to change the culture of the organization. However, Kashan et al. did not
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correlate sustainability orientation (as measured by sustainability topics in annual reports)
to an outcome measure related to responsible mining or environmental sustainability.
One would not expect the effect of a sustainable orientation to be able to
immediately change how mining is conducted, as changes in mining practices are often
dependent on projects that implement new innovations and ways of working. New
mining innovations can sometimes be implemented in the short term (Sanchez &
Hartlieb, 2020), but often they may take years to take effect (Ediriweera & Wiewiora,
2021). At times, projects may take over a decade (Sanchez & Hartlieb, 2020), though
this is more rare. Overall, past work on the implementation of new innovations in the
mining sector leads to about a five-year delay between a decision to implement an
innovation or practice and its actual implementation. A sustainability orientation would
help to focus management and employee attention during the long cycles required for
implementation.
An example of a long-term focus on creating responsible mining outcomes can be
seen in the prior case of HDS at Anglo American. In the 2016 Annual Report, under a
section titled “Delivering Value Through Innovation,” the company noted their ambition
to decrease water usage through a focused innovation program they called
FutureSmart™:
The most aspirational element of FutureSmart™ is our ambition to make
dry tailings a normal operating practice. Water sent to tailings disposal
often represents the largest water loss at a mine. Fine particle slurries are
particularly difficult to dewater and current dry disposal options have
prohibitive capital and operating costs. We are examining how we can
reduce the cost of dewatering and are looking at the physical and chemical
properties of the fine ore particles to understand why they cling so

resolutely to water. If successful, we have the potential to significantly
limit how much fresh water we draw, while also gaining access to
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orebodies in water-stressed areas that are critical to supplying the world’s
ongoing demand for metals and minerals.

Five years later, in the 2021 Annual Report, the company noted a continued focus
on the problem of water usage in tailings, and that they had made some progress to what
they billed as the goal of a “Water-less Mine”:

With 75% of our assets located in water constrained areas, we must reduce
our dependence on water and associated tailings facilities. We will always
need water, but we can get closer to full recovery recycling. Through an
integrated system of technologies... we are reducing fresh water usage,
moving to closed loop and ultimately dry processing in our operations,

thereby eliminating the need for wet tailings and instead creating stable,
dry, economically viable land.

This discussion of movement toward reducing water usage was consistent across
the 2016 and 2021 Annual Reports and mirrors the actual developments of HDS at Anglo
American. In the main body of their annual reports, Anglo American used words such as
“environmental” and “climate” 80 times in 2016 and over 200 times by 2021. Overall,
with the case of tailings management at Anglo American, we can see consistent
discussion of the issue in annual reports and consistent use of environmentally
responsible language that paralleled actual developments in new technologies.

While there are examples of positive language and real outcomes as in the case of
Anglo American and tailings management, whether sustainability orientation actually
leads to responsible mining outcomes is important to investigate because the mining
sector has at times been accused of “greenwashing,” the use of environmental language
that does not match outcomes. Greenwashing is a phenomenon whereby firms make
claims on green initiatives, but the actual execution and impact is far lower than would be
expected from corporate discourse; it may be that firms talk about sustainability issues in

their corporate communications yet do not follow-up with actual implementation (de
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Freitas Netto et al., 2020), though recent research in Australia has suggested that
greenwashing is not as bad in mining as it is in the financial sector (Zharfpeykan, 2021),
at least in the Australian context.

Overall, since past research on sustainability orientation suggests that
sustainability-focused discourse will lead to more sustainable outcomes, and since studies
in the mining sector show that there is variance in how much firms communicate
sustainability topics, I hypothesize that sustainability orientation (measured by
sustainability keyword density in annual reports) positively correlates with responsible

mining (as measured by RMI score).

Framing the Context as Positive or Negative

Framing the context of a situation can have implications for how well people
pursue a course of action. For example, Furr et al. (2012) looked at how leaders made
changes over the course of 15 years in the US photovoltaic industry, finding that those
with domain expertise outside of that industry better framed the need for change as an
opportunity, spurring more successful change. This may be due to outsiders seeing
positive aspects to the opportunity when compared with insiders who are more negative
about overall prospects.

Past studies have shown that the “tone” of corporate communication, whether it is
positive or negative, can have mixed correlations to financial performance and
sustainability outcomes. For example, Huang et al. (2014) found that overly positive tone
was associated with masking upcoming problems facing firms. In the realm of

sustainability, the “tone at the top” set by the CEO and corporate communication has
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been linked to possible “greenwashing” where sustainability outcomes do not match the
rhetoric (Cong et al., 2014).

Innovators are more likely to take sustainability-related action when messages are
framed to elicit responses, such as emphasizing the threat of climate change as near-term
and large (Guzman et al., 2023) A large study of over 30,000 innovators associated with
a platform hosted by the Massachusetts Institute of Technology demonstrated that salient
frames made innovators take more action in participating in possible solutions (Guzman
et al., 2023). Studies to-date, though, have not demonstrated the relative effectiveness of
positive (vs negative) frames communicated by leaders as they relate to sustainability
outcomes in the mining industry, yet this may provide a significant means for motivating
their internal as well as external stakeholders to act. Therefore, I hypothesize that
framing positivity (as measured by ratio of positive versus negative keywords in annual

reports) positively correlates with responsible mining (as measured by RMI score).

Sustainability Innovations

The prior hypotheses focus on top-management leadership and how a focus on
sustainability orientation may help organizations understand the priority of responsible
mining. An important other factor is whether research and development teams drive new
approaches to mining through the focus of their patented innovations. Innovation is seen
as a key driver for developing new approaches to addressing sustainability goals, and a
recent study has mapped how many mining innovations have direct relevance to the
SDGs (Endl et al., 2021). At times, these innovations can improve both sustainability as
well as profitability. For example, innovations such as employing renewable energy at

mining sites reduce costs while also benefitting the environment, and autonomous
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vehicles can be more efficient (Endl et al., 2021). However, other innovations may be
focused on reducing negative impacts to the environment or society, without direct
financial benefit. For example, enhanced transparency through IT innovations when
dealing with the development of sites may add costs without directly improving
efficiencies (Endl et al., 2021).

The brief case study of Hydraulic Dewatered Stacking (HDS) for mine tailings [
presented was an example of a patented technology that led to reduced water usage, while
also decreasing the capital costs associated with filtration (Newman et al., 2024). The
system is supported by three patents that focus on innovations in the design and
functioning of the drainage systems and materials used to dewater tailings more
effectively.

One notable patent related to HDS is WO 2016/170437, which covers aspects of
the system's drainage structure. This patent describes the use of fines-free sand to create
vertically and horizontally contiguous drainage channels within the tailings mass, which
greatly enhances the dewatering process by reducing the pathways for water to remain
trapped in the tailings. Another relevant patent is WO 2017/195008, which continues to
build on the design improvements of the HDS system, particularly the integration of
multiple drainage layers that help facilitate more efficient water removal. This patent
focuses on the methods of creating these drainage channels, including how to derive the
fines-free sand from the tailings themselves through classification processes.

Additionally, patent WO 2020/183309 discusses the combination of mechanical
and hydrological techniques to enhance the effectiveness of the HDS system. It describes

ways to further optimize the balance between the fine and coarse materials in tailings,
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enabling more rapid drainage and desaturation over time. Taken together, these patents
represent the engineering insights that underpin HDS as developed by the engineering
team at Anglo American.

While the above example shows how some responsible mining innovations may
have patenting activity behind them, past research on the direct effects of patents on
responsible mining are lagging. Some large scale studies have looked specifically at
patenting activity in mining, but the results have been to relate heightened patenting
activity to increased profitability or the relationship between patenting rates and
commodity prices (Fernandez, 2022; Valacchi et al., 2023). However, the broader-term
effect of patenting on sustainable outcomes in the mining sector is untested.

The fact that there has not been in-depth empirical analysis of the effect of
sustainability-related patents calls out for such research, especially as the level of
patenting has been increasing in this sector. It has been recently noted that “intellectual
property (IP), particularly patents, is increasingly important for the mining industry.
There were more mining-related inventions looking for patent protection in the last five
years [to 2022] than all those accumulated from 1970 to 2000” (Daly et al., 2022, p. 25).
There has been a dramatic increase in patent activity in the mining sector in the twenty-
five years to 2015, and this has been driven by companies rather than individuals,

research centers, or universities (Figure 6).
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Figure 6. Number of mining patent families 1990-2015 by type of owner.

Source: WIPO Mining Database, reproduced from Daly et al. (2022)

Based on prior work that has broadly established the role of patents and their
related innovations in supporting needed technological change, I hypothesize that
sustainability innovation (as measured by proportion of sustainability-related patents)

positively correlates with responsible mining (as measured by RMI score).

Research Questions, Hypotheses and Specific Aims
My objective was to provide clarity on how sustainability leadership and
sustainability innovations drive environmentally responsible mining outcomes. My main
research question was therefore: What is are the effects of sustainability orientation and
sustainability-related innovation on responsible mining? To address this question in light
of prior research in this area I reviewed above, I developed the following three associated

hypotheses:
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e Hypothesis 1: Sustainability orientation (sustainability keyword density in
annual reports) positively correlates with responsible mining (RMI score)
e Hypothesis 2: Framing positivity (ratio of positive versus negative keywords
in annual reports) positively correlates with responsible mining (RMI score)
e Hypothesis 3: Sustainability innovation (proportion of sustainability-related
patents) positively correlates with responsible mining (RMI score)
My specific aims were to use the ranking of 40 global firms provided within the
RMF Responsible Mining Index (RMI 2022) as the basis of the dependent variable by
which firms achieve environmental responsibility, and then to develop measures of the
associated potential drivers (sustainability orientation, frame positivity, and patent
counts) as independent variables. I then used regression analysis to test the significance
of relationships between sustainability orientation, problem-versus-opportunity framing

ratio, and patenting activity on responsible mining.
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Chapter II

Methods

I developed a unique dataset centered on 40 of the largest global firms in the
mining industry. I then used these data to run a multiple regression analysis to identify
whether my hypothesized factors explain the adoption of responsible mining practices.

The set of firms under examination were the 40 firms tracked by the Responsible
Mining Foundation as part of their Responsible Mining Index (RMI) Report of 2022
(Responsible Mining Foundation, 2022). These firms were selected by the foundation
due to their global presence. These firms are listed in Table 1, along with the range of

RMI scores on environmental responsibility.

Table 1. Companies studied, in descending order of 2022 annual revenues.

Company Headquarters Sector Revenue ($B)  Employees Elr?\llvslist
Glencore Switzerland Diversified $142.338 87,822 38
ArcelorMittal Luxembourg Steel $53.270 167,743 24
Rio Tinto Australia Diversified $44.611 40,583 49
BHP Australia Diversified $42.931 31,589 51
Vale Brazil Diversified $40.018 74,316 38
China Shenhua China Coal $35.729 76,182 11
Anglo American UK Diversified $30.902 61,377 58
Zijin China Diversified $26.269 36,860 20
Fortescue Australia Coal $22.284 8,249 30
Freeport-McMoRan USA Copper $14.198 24,500 37
CODELCO Chile Copper $14.173 15,267 37
Coal India India Coal $13.558 272,445 20
Barrick Canada Precious Metals $12.595 20,314 42
Vedanta India Diversified $11.722 20,447 33
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RMI:

Company Headquarters Sector Revenue ($B)  Employees EnvSust
Newmont USA Precious Metals $11.497 14,468 54
Grupo México Mexico Base metals $10.909 29,586 28
Evraz Russia Steel $9.754 69,699 21
RUSAL Russia Base metals $8.566 56,150 14
Sibanye-Stillwater South Africa Precious Metals $7.700 66,275 29
Teck Canada Base metals $7.016 10,452 50
Boliden Sweden Base metals $6.858 6,067 14
KGHM Poland Diversified $6.326 34,000 14
OCP Group Morocco Phosphate $5.950 18,241 26
ERG Luxembourg Diversified $5.356 67,272 13
First Quantum Canada Diversified $5.199 16,753 23
Antofagasta UK Base metals $5.129 6,742 32
Penoles Mexico Base metals $4.673 13,549 21
Newcrest Australia Precious Metals $4.576 5,884 30
Orano France Energy $4.505 19,116 30
AngloGold Ashanti South Africa Precious Metals $4.427 20,730 43
Gold Fields South Africa Precious Metals $3.829 5,641 41
Navoi MMC Uzbekistan Diversified $3.514 41,257 9
MMG Australia Diversified $3.034 3,959 34
Polymetal Cyprus Precious Metals $2.865 12,679 35
Banpu Thailand Coal $2.283 6,183 35
NMDC India Iron Ore $2.101 5,739 15
Exxaro South Africa Coal $1.975 6,740 20
Nordgold Russia Precious Metals $1.861 8,190 17
Bumi Resources Indonesia Coal $0.790 4,748 15
Buenaventura Peru Base metals $0.677 3,119 21

Data provided by Responsible Mining Foundation for 2022. The column ‘RMI: EnvSust’

is the Responsible Mining Index score for environmental sustainability as provided by the

RMF.

Sustainability Orientation Measure

To measure leadership’s sustainability orientation, I conducted a keyword

analysis of annual reports on key terms related to sustainability. Over 90% of the firms

had their annual reports listed on the publicly available website annualreports.com, which
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serves as a repository of annual reports in .pdf format. This web service was provided by
IR Solutions, a provider of online corporate reporting and financial information services
for the investment community, offering services to meet disclosure requirements while
assisting investors gathering information. For those few reports that were not available in
this way, the firm’s website was often a source of the annual report. For some annual
reports, the report was bilingual English/Spanish or English/Mandarin. For these reports,
the estimated pages in English were used for later computations.

One firm, ERG (Eurasian Resources Group), did not have an annual report
available, and it also did not have patent data tracked to its corporate name. This
privately held company’s operations are based in Kazakhstan, though it is headquartered
in Luxembourg. Given the lack of available data, it was dropped from the overall sample.
Coal India, China Shenhua, and MMG were also dropped from the text analysis data due
reports that conflated mining interests with other interests or other data problems. A total
of 36 firms were used in the text analysis portion of this research.

I considered three options for which portion of content to use in the annual
reports. A typical annual report includes items such as the CEO or president’s
communication to shareholders which spans from about one to three pages, outlining an
overview of the firm’s position and strategy, and this is included in the first portions
which then typically outlines the overall strategy, market dynamics, and an operational
overview (the “Strategic Overview” portion). This section is then followed by an
overview of governance (the “Governance” portion) and then the full financial reports,
including extensive tables of past performance (the “Financial Reports” portion). For this

study, the most interesting reflection of strategic commitment to environmental
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sustainability would be found by examining keywords in the “Strategic Overview”
portion of the annual report, excluding the governance and financial reports aspects.
Each annual report was downloaded and then the Strategic Overview portions of the
report were kept for the keyword analysis.

Since I was interested in how language about sustainability would influence
commitment and action toward responsible innovation practices that are implemented, it
was important to have a lag time between the annual report and the evaluation of whether
the firm was behaving in an environmentally responsible manner. New mining
innovations can be implemented in the short term or may take many years, but overall
research on the implementation of mining innovation projects suggests that a five-year
lag time would be reasonable (Daly et al., 2022; Ediriweera & Wiewiora, 2021; Sanchez
& Hartlieb, 2020). Given this lag time, I used 2016 annual report data to match with the
2022 RMF report, since much of the data in the 2022 report was collected in 2021, five
years after 2016 annual report statements.

I followed a keyword methodology previously used by Miklosik and Evans
(2021) that also analyzed annual reports for mining companies. In their work, Miklosik
and Evans found that four keywords were optimal for understanding environmental
sustainability due to having the right balance of being used repeatedly and capturing
content related to sustainability. They found some words were used very rarely (such as
related to “biodiversity”’) and others were ambiguous (such as “sustainability,” as this
could indicate non-environmental sustaining of business operations, for example). The
four word stems that they recommended based on their analysis were emiss*, envir®,

climat®, and footpr*. These keywords were adopted for the present study as well. All
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instances of these keywords were counted using Voyant, an online text analysis tool. An
example of how these keywords appear in the example of the 2016 Anglo American
“Strategic Overview” portions of their Annual Report is given in Figure 7 taken from the

Voyant text analysis tool.
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Figure 7. Example sustainability-related keyword variation within an annual report.

Data taken from Anglo American 2016 annual report, across 10 segments of the 64-page
Strategic Overview sections.

Figure 7 charts the document segments across the 64 pages of the Strategic
Overview on the x-axis and keyword relative frequencies (also referred to as keyword
density) on the y-axis. As can be seen in this example, the keyword density for these four
environmentally sustainable keywords is highest in the middle of the report pages.

Across annual reports there was natural variation of keyword density depending on where
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the firm chooses to focus attention on sustainability issues. While the above figure is
provided for illustrative purposes, it was the total keyword density that was of key
interest rather than the location of focus within each report.

An overall keyword density was calculated for each firm in the manner that
follows Miklosik and Evans (2021), where the total number of keywords was divided by
the number of pages in the annual report. The resulting keyword density measure is a
proxy for the relative level of top-management team focus on sustainability efforts, as
communicated widely to stakeholders. An overview of these data across the final 36

reports is indicated in Table 2.

Table 2. Overview of sustainability-related keyword data collected across annual reports.

Measure Minimum Average Maximum

Number of pages 5 78 261
Number of words 925 33,209 71,393
emiss* keywords 0 17 72
envir* keywords 0 61 151
climat* keywords 0 10 76
footpr* keywords 0 3 14
Total sustainability-related keywords 0 91 236
Sustainability-related keyword density 0 1.144 2.713

Opportunity Framing

I coded statements in the 36 annual reports for their positivity or negativity,
following other studies that have evaluated this in different contexts, which is sometimes
referred to as “tone” of the overall positivity of company communications (Huang et al.,
2014). I constructed a simple ratio of positive/negative keyword counts to capture the
relative focus on opportunity framing. As done with the sustainability-related keyword

analysis, I gathered this data for the report in the five-year lead-time preceding the 2022
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RMI ranking. As mentioned previously, the material in the 2022 report would have been
primarily gathered in 2021, so I used 2016 as the five-year window of when to consider
the actions and framing that would have been able to influence later responsible mining
practices.

To determine positivity or negativity, I used the Voyant @positive and @negative
search terms for each report. The @positive search term encompassed over 50 embedded
positive keywords, such as: abounds, abundance, acclaim, etc. The @negative search
term encompassed over 50 negative keywords, such as: abolish, abort, adverse, etc.
Using @postive and @negative keywords yielded counts of positive and negative
dictionary words in each annual report. A “frame positivity” value was calculated by first
dividing the number of positive words by the number of negative words and then
subtracting one, which centers positivity around zero. A calculated overall positive

sentiment is therefore above zero, and negative sentiment is below zero.

Sustainability Innovation Measure

The measure of sustainability innovation was measured by assessing the relative
size of the sustainability-related patent portfolio for each firm. LexisNexis PatentSight is
a patent analytics platform that uses data sourced from worldwide patent offices. The
PatentSight patent analytics tool employs an asset index method to identify the strength
of a patent portfolio. The tool and method was developed in Germany and is backed by
academic research on the effectiveness of identifying strategically competitive patent
portfolios (Ernst & Omland, 2011).

PatentSight uses data analytics to clean the data in two ways. First, it eliminates

double-counting patents; the tool covers all current patents in major patent jurisdictions,
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including the USA, China, and Europe, but treats each invention as just one “patent
family” so there is not double-counting across jurisdictions. This makes the counts of
individual innovations in a portfolio more accurate than a manual accounting of patents
through other sources. It also provides information about the owners (assignees) of
patents that is cleaned to ensure all subsidiaries are traced back to the parent company.
This is tremendously helpful when compared with working with another common tool in
patent analysis, DERWENT patent data, or basic information contained in the US Patent
Office or Google Patents. Access to this valuable service was made possible through the
Baker Library of Harvard Business School.

To obtain the overall number of sustainability-related patents for each mining
firm I used PatentSight to determine the patent portfolio size for each firm as well as the
proportion of patents that correspond to the UN SDGs. I made use of the PatentSight
database for patents in force up to December 31, 2022, to correspond to the 2022 RMI
data used; there could be a very slight over-representation of patents for some firms given

the difference in timing between the RMI scores and the patent data.

Overview of Mapping the UN SDGs to Patents

Prior academic research has demonstrated on a limited European scale that many
mining patents can be mapped across all 17 of the UN SDGs (Endl et al., 2021), and the
PatentSight tool provides a mapping algorithm that can be used for large-scale
comparisons. To map patents to the UN Sustainable Development Goals (SDGs),
PatentSight uses a protocol that aligns patent information with the specific goals,

indicators, and technologies outlined by the SDG framework. Based on their publicly
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available data (From website accessed at https://www.lexisnexisip.com/solutions, June
17,2024), an overview of the process is as follows:

1. Alignment with UN SDGs: PatentSight is based on the 17 UN SDGs and 231
underlying measurable indicators of progress defined by the UN Statistics Division.
These indicators help to define specific scientific and technological areas that contribute
to each goal (As detailed on the website https://unstats.un.org/sdgs/indicators/indicators-
list/, as accessed June 17, 2024).

2. Technology and Indicator Matching: Each SDG and associated underlying
indicator is linked to related technology fields. PatentSight uses keywords and technology
classifications from international patent systems, such as the International Patent
Classification (IPC) and Cooperative Patent Classification (CPC), to search for patents

that match these predefined fields.

3. Expert Review: LexisNexis intellectual property experts iteratively and
regularly refine the mappings, validating that patents categorized under each SDG reflect
advancements toward each goal. As outlined by LexisNexis: “All SDG-related searches
were defined, created and mapped by a group of LexisNexis patent search experts. In an
iterative approach, all underlying searches were reviewed and modified according to their
results regarding SDG compliance before finally being implemented into the PatentSight
analytics tool.” (Quote from website accessed at https://www.lexisnexisip.com/solutions,

June 17, 2024).
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SDGs Used to Classify Responsible Mining Patents

Seven relevant SDGs (Table 3) were used to map patents in PatentSight. These
seven SDGs are those most closely aligned with environmental sustainability, eliminating
those that deal with issues that are more related to issues of labor participation (e.g. SDG
5 on gender equality) or just broader economic growth (e.g. SDG 9 addressing industry,

innovation, and infrastructure).

Table 3. SDGs used for patent mapping.

SDG number Description

SDG 6 Clean water and sanitation

SDG 7 Affordable and clean energy

SDG 11 Sustainable cities and communities

SDG 12 Responsible consumption and production
SDG 13 Climate action

SDG 14 Life below water

SDG 15 Life on land

Cleaning of Patent Assignment Data

While the PatentSight tool was very helping in mapping most patents to parent
firms, for some companies it was not possible to get reliable mappings. Nine firms had to
be removed due to unreliable patent data, such as when the mining division’s patents
were mixed in with a larger parent company’s patents. A metric of Portfolio SDG Ratio
was constructed to reflect the proportion of patents that were SDG-related. Zero was

entered for those firms that had no patent activity.
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Chapter 111

Results

I provide an overview of the main results for the text analysis measures and the
patent measures individually, before describing the results of a full model multivariate

regression including two main variables of interest.

Sustainability Orientation (Keyword Analysis) Results

The first step in the text analysis was to compare the top 50% RMI scoring
companies with those in the bottom 50%, in terms of how sustainability-related keywords
were featured in annual reports. The result of this split-sample analysis was that those in
the top 50% of RMI scores had a mean sustainability-related keyword density of 1.36
words per page, which was significantly above that of the lower 50% companies, which
were at 0.86 words per page. The t-statistic for this comparison was 2.43, with a p-value
0f 0.023 (significant to the p<0.05 level). These differences are shown in the
accompanying box-plot graph. Median values are indicated in red lines on the graph

In summary, a simple t-test demonstrates that firms in the upper half of 2022 RMI
score had significantly more sustainability-related words in their annual reports five years
prior, in 2016. This is initial support of H1, our hypothesis that sustainability orientation
(sustainability keyword density in annual reports) positively correlates with responsible

mining (RMI score).
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Figure 8. Sustainability-related keyword density differences between high- and low-RMI
score companies.

Sustain Density measured the relative prevalence of sustainability-related keywords, and
difference was significant with a p-value <0.05

The next step was to do a simple linear regression analysis of the effect of
sustainability keyword density on RMI score. Table 4 provides an overview of the
results. The R-squared value was 0.141, indicating that sustainability keyword density
alone explains approximately 14.1% of the variance in RMI. The Adjusted R-squared is
0.116, which also confirms a moderate relationship. The F-statistic was 5.598 with a p-
value of 0.0238, indicating that the model is statistically significant (to a p<0.050 level),
meaning that sustainability keyword density is a meaningful predictor of RMI. This
provided further initial support of Hypothesis 1, which will be further investigated in a

multivariate regression.
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Table 4. Linear regression summary of sustainability keyword density and RMI score.

Coefficient Estimate  Std. Error  t-value p-value
Intercept 22.047 4.049 5.444  0.000
Sustain Density 7.290 3.081 2366  0.024**

* significant to <0.10; ** significant to <0.05; *** significant to <0.01

To visualize the overall relationship between sustainability keyword density and

RMI score, a scatterplot is given in Figure 9.
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Figure 9. Scatter plot of RMI score vs sustainability-related keyword density.

Opportunity Framing (Frame Positivity) Results
Frame positivity for the final set of 36 annual reports for which there was data
were calculated (Table 5). The calculated frame positivity values were generally positive

(greater than one).
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Table 5. Calculated frame positivity values for 36 mining firms.

@pos- @neg- Frame @pos- @neg- Frame

itive ative posi- itive ative posi-

Company terms terms tivity Company terms terms tivity
Anglo American 1,366 771 0.772 Grupo México 504 298 0.691
AngloGold 1,966 1,848 0.064 KGHM 597 320 0.866
Antofagasta 862 603 0.430 Navoi MMC 32 8 3.000
ArcelorMittal 485 601 -0.193 Newcrest 356 90 2.956
Banpu 1,200 869 0.381 Newmont 762 733 0.040
Barrick 1,207 483 1.499 NMDC 959 1,301 -0.263
BHP 1,333 1,001 0.332 Nordgold 2,055 992 1.072
Boliden 828 527 0.571 OCP Group 722 219 2.297
Buenaventura 390 95 3.105 Orano 803 922 -0.129
Bumi 1,671 1,531 0.091 Penoles 766 107 6.159
CODELCO 768 264 1.909 Polymetal 1,148 641 0.791
Evraz 990 736 0.345 RioTinto 967 622 0.555
Exxaro 1,204 684 0.760 RUSAL 521 283 0.841
First Quantum 526 387 0.359 Sibanye-Still. 311 152 1.046
Fortescue 964 382 1.524 Teck 329 195 0.687
Freeport 566 534 0.060 Vale 545 578 -0.057
Glencore 942 677 0.391 Vedanta 1,713 825 1.076
Gold Fields 2,416 931 1.595 Zijin 526 245 1.147

Using these frame positivity data, an initial test of the relationship of frame

positivity and RMI score was performed with a split sample comparing frame positivity

between upper 50% RMI scoring firms and lower 50% RMI scoring firms. Both groups

had overall positive framing in their annual reports, with the lower RMI group with a

median value of 0.801 and the upper RMI group with a median value of 0.555 positivity.

Interestingly, the relationship was opposite of what was expected, but it is not a

significant difference.
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Figure 10. Comparison of frame positivity between lower and upper RMI groups.

No statistical difference in frame positivity between two sample groups

Since the samples were found to be non-normal, a Mann-Whitney U test is the
recommended approach. The p-value was 0.228, which indicated that the difference
in Frame Positivity between the two groups is not statistically significant.

In addition to the simple split sample analysis, a regression using Frame
Positivity as the independent variable and RMI as the dependent variable was also run.
The R-squared value was 0.076, and the Adjusted R-squared was 0.044, suggesting that
the explanatory power of this model is low after accounting for its simplicity. The Frame
Positivity coefficient was -2.730 with a corresponding p-value = 0.133. This suggests a
negative relationship between Frame Positivity and RMI, but the effect is not statistically
significant at the 0.05 level or a marginal 0.10 level. Therefore, we do not have strong

evidence that Frame Positivity influences RMI in this model. The low R-squared value
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also indicates that Frame Positivity alone does not explain much of the variability
in RMI, implying that other factors may be more important drivers of RMI. Overall,

Hypothesis 2 is not supported.

Sustainable Innovation (SDG-Related Patents) Results
The final list of 31 companies with clean patent data and their key patent

measures are shown in Table 6.

Table 6. Included firm patent portfolio sizes and SDG-related patents, 2022.

Patent Patent

Portfolio Portfolio Portfolio Portfolio
Company 2022 SDG 2022 Company 2022 SDG 2022
ArcelorMittal 793 101  AngloGold Ashanti 11 2
Rio Tinto 293 44  Antofagasta 2 1
Vale 218 40 Boliden 4 1
Anglo American 454 28  Grupo México 2 1
OCP Group 66 21 Banpu 0 0
RUSAL 232 20 Buenaventura 3 0
BHP 36 15 Exxaro 0 0
Vedanta 310 14 First Quantum 3 0
Freeport 56 10 Gold Fields 0 0
Barrick 21 9 Navoi MMC 0 0
KGHM 51 8 Newcrest 0 0
Newmont 20 8 NMDC 0 0
CODELCO 38 6 Penoles 1 0
Teck 21 6 Polymetal 0 0
Glencore 34 5 Sibanye-Stillwater 4 0
Evraz 34 3

Table sorted by SDG Portfolio size

Before delving into the proportion of SDG patents, a first visualization of the
level of SDG patenting was conducted. To initially visualize the general difference
between firms that have high levels of SDG patenting versus those that have little or no
SDG-related patenting, a two-sample t-test and related box plots were generated. To

create a split sample, the lower sample included firms that had zero to five SDG-related
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patents. The high patenting group had from six up to 101 active patents. The t-statistic
between these groups was 2.43, and the p-value was 0.0237, indicating a significant
difference in RMI score (26.7 versus 37.6 average RMI score) between these two groups.

An illustration of these differences is given in Figure 11.
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Figure 11. Comparing RMI scores between low- and high-SDG patent portfolios.

Significantly significant difference between groups at p<0.05 level

A simple linear regression of the SDG portfolio proportion data was conducted as
a first step before integrating with the prior text analysis data full model. The regression
was run with the RMI Environmental Sustainably measure as the dependent measure, and
the ratio of SDG-related patents to total patents (SDG_Ratio) as the independent
measure. Using a ratio has the advantage that we do not need controls for firm size
(employees or revenues). 31 firms with clean patent data were included in this model.

For this model, the R-squared was 0.129, indicating that approximately 12.9% of

the variance in RMI is explained by SDG Ratio. The F-statistic is 4.286 (p-value =
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0.0474), suggesting that the model is statistically significant at the 0.05 level. As
outlined in Table 7, the SDG Patent Ratio was found to be significant in relation to RMI,
indicating that SDG Ratio has a positive effect on RMI. Given these analyses, there is
initial support for Hypothesis 3 which will be further explored in the full model including

multiple variables.

Table 7. Linear regression results for SDG Patent Ratio and RMI score.

Coefficient Estimate  Std. Error t-value p-value
Intercept 27.350 3.048 8.972  0.000
SDG Patent Ratio 28.764 13.894 2.070  0.047**

* significant to <0.10; ** significant to <0.05; *** significant to <0.01

Figure 12 provides a scatter plot of the firms’ SDG Patent Ratio (x-axis) in

relation to RMI score on environmental responsibility (y-axis), including a trend line.
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Figure 12. Scatterplot of SDG Patent Ratio versus RMI score.

Full Model Results

From our initial results above, the two main independent variables that may
impact RMI score are sustainability keyword density and the SDG patent ratio. A
multivariate regression analysis of SDG_Patents and Sustain Density as independent
variables and RMI Score as the dependent variable was performed.

The results were that the R-squared was 0.230, indicating that
approximately 23.0% of the variance in RMI is explained by the model (The adjusted R-
squared was 0.175, suggesting that the model explains a reasonable amount of variance
after accounting for the number of predictors). The SDG Ratio was marginally
significant, with a p-value of 0.078, and the Sustain_Density approaches significance as

well, with a p-value of 0.065. These results are indicated in Table 8.
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While neither SDG Ratio nor Sustain Density are statistically significant at the
0.05 level, both are approaching significance at the 0.10 level, suggesting that they may
have a positive impact on RMI. Since each variable individually was significant but the
combined model only approaches significance, the two variables may be sharing some
explanatory power due to correlation. The SDG Ratio has a larger coefficient (24.631)
compared to Sustain Density (6.039), implying that changes in SDG Ratio may have a
more pronounced effect on RMI.

Overall, the model suggests that both SDG Ratio and Sustain Density may
positively influence RMI, offering modest further support of Hypotheses 1 and 3, but the
evidence is not strong enough to declare them significant at the conventional 5% level,
and the R-squared value indicates that there are other factors beyond SDG

Ratio and Sustain Density that explain RMI, as will be covered in the discussion section.

Table 8. Multivariate regression results for Sustain Density and SDG Patent Ratio.

Coefficient Estimate  Std. Error t-value p-value
Intercept 21.034 4.393 4.788  0.000
SDG Patent Ratio 24.631 13.463 1.829  0.078*
Sustain Density 6.039 3.142 1.922  0.065*

* significant to <0.10; ** significant to <0.05; *** significant to <0.01

A multivariate regression analysis was also run for a model that included Frame
Positivity, but this did not improve the overall model and impact of this variable was not
statistically significant. Given the prior results that Frame Positivity does not seem to
significantly correlate to RMI scores, this independent variable was not used in this final

integrative model.
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Relative Importance of Variables of Interest
The use of standardized coefficients compares the relative importance of two

variable in a multivariate regression. The standardized coefficients are as outlined in

Table 9.

Table 9. Standardized coefficients for independent variables.

Variable Standardized coefficient
Intercept 0.000
SDG Patent Ratio 0.307
Sustain Density 0.323

Sustain Density (0.323) has a slightly larger standardized coefficient compared
to SDG Ratio (0.307). This means that, on a standardized scale, Sustain Density has a
marginally greater impact on RMI compared to SDG Ratio. Both coefficients are
relatively close in magnitude, suggesting that SDG Ratio and Sustain Density contribute
to RMI in a comparable way when considering their respective scales. Both variables

have a similar level of influence on RMI.
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Chapter IV

Discussion

This study provided an in-depth look at key indicators that may be associated with
responsible mining. After reviewing the results, I will describe the key implications of
the study for the mining industry in particular as well as for studies of the innovation
process in general.

The analysis supports at least a marginally significant effect of sustainability
orientation and sustainability-related innovations on responsible mining. In the study, a
sustainability orientation of upper management, reflected in the density of sustainability-
related keyword in the strategic overview portion of annual reports, was positively
correlated to environmental scores in responsible mining. A greater proportion of
sustainability-related patents, as measured by the proportion of patents that addressed
SDG-goals, was also positively correlated to responsible mining.

The degree of positivity in annual reports was not significantly related to
responsible mining outcomes. The measured sentiment was broadly positive, and in
2016, the mining industry was emerging from a downturn caused by falling commodity
prices, which had begun in 2014. This period was characterized by a focus on cost
reduction, efficiency improvements, and debt management across the sector. The industry
was primarily in a recovery mode, with capital expenditures being low and companies

focusing on optimizing existing operations rather than expanding. Commodity prices,
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including those for metals like copper and iron ore, were relatively low, impacting
profitability and leading to a more cautious approach in the industry (Deloitte, 2021).

By 2021, the industry had undergone a significant transformation. There was a
renewed focus on growth, particularly in response to the increased demand for minerals,
such as lithium, nickel, and cobalt, which are used for electric vehicle batteries and
renewable energy technologies. (Deloitte, 2021). Another major shift was the heightened
emphasis on ESG criteria. Mining companies in 2021 faced increasing pressure to
decarbonize and address environmental concerns, leading to more investments in
sustainable practices and cleaner technologies.

Overall, the period from 2016-2021 saw the global mining industry transition
from recovery to a phase of growth and transformation, with a stronger emphasis on
sustainability. This shift was accompanied by a resurgence in commodity prices, a focus
on ESG, and significant technological advancements (Deloitte, 2021). Overall, there was
much development of the industry between the framing of how firms saw the industry in
2016 to the reality of 2021.

While one may have expected the opportunity framing of 2016 to have had
significant impact on how firms competed and were evaluated by 2021 when the 2022
RMI data were collected, the data suggested it was other factors, specifically
sustainability orientation and sustainability-related innovations, that were contributors to

different outcomes in responsible mining.

Implications for the Mining Industry
The mining industry has been under great pressure to improve extraction rates,

while at the same time it is also under scrutiny to ensure that such extraction does not
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come at too high a cost to the environment (Deloitte, 2021). One contribution of this
study for the mining sector is in providing support for speaking-up about sustainability,
as well as investing in innovations related to sustainability, as two means for real results
in responsible mining. The positive correlation between sustainability orientation and
responsible mining is helpful to address concerns about “greenwashing” in the mining
sector in particular (Zharfpeykan, 2021) and in large enterprise more generally (de Freitas
Netto et al., 2020). The results support Zharfpeykan’s (2021) observation that the mining
industry appears to be doing well when compared with other industries and is working to
follow-through on sustainability activities that are talked about in their reports.

A second contribution of this study is related to setting the tone of the business in
the context of business and sustainability pressures. The finding that frame positivity did
not correlate significantly to positive sustainable outcomes can imply that firms should
not be overly concerned about the degree of positivity of their communications; it is the
message rather than the tone that matters. Unlike prior studies that found that overly-
positive tone was masking financial problems (Huang et al., 2014) or environmental
misdeeds (Cong et al., 2014), this study should reassure mining executives and those that
audit or regulate the industry that positivity does not appear to mask poor responsible
mining performance.

A third contribution of this study is to gauge the relative effectiveness of an in-
house patent strategy that focuses on SDG-related patenting. I found that a higher
proportion of SDG-related patents is associated with better ratings in responsible mining;
the effect was only approaching significance at usual thresholds and so was not as

significant a driver as hypothesized, despite all the activity in patenting in in this sector
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(Daly et al., 2022; Fernandez, 2022). This may point to the limitations of a firm’s own
patent portfolio in spurring on sustainability-related innovation. The mining industry has
many players outside of traditional firms that bring new sustainability-related innovations
to market. The METS (Mining Equipment, Technology and Services) sector in the
mining ecosystem is active in partnering with large mining firms on new equipment,
digital technologies, and related services (Fernandez, 2022). It may be that the ability of
firms to quickly adopt METS-derived technologies is as or more important than
generating such innovations in-house. The degree to which mining firms and METS
firms can productively collaborate on the development and implementation of sustainable

technologies could be a productive avenue for additional research.

Implications for Studies of Responsible Innovation More Broadly

This study has implications that are broader than the immediate consequences for
the mining industry, as what was learned in this context has implications for the
innovation process more broadly. The firms studied here have tremendous cost pressure
and relatively undifferentiated products, so one implication from this study is that other
firms should in many ways find it easier to follow a path toward responsible innovation
(Spanjol et al., 2024), a broader term that encompasses developing products that are
sustainable and minimize environmental harm. If firms in the mining industry can tilt
their methods toward patenting more SDG-related patents and see positive results, it
should perhaps be even easier for firms in other industries with less competitive intensity
to do the same.

Another implication is that corporate communication related to sustainability

orientation was reflected in independent verification of responsible outcomes. This is
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good news for other industries that may have fewer barriers to seeing return on a green
strategy, since consumer products, for example, might be chosen for their sustainable
credentials (Berger, 2019). So, firms should be encouraged to use sustainability-related
language in their corporate communications and know that it can spur on action among

stakeholders, resulting in real change rather than strategic “greenwashing.”

Limitations and Future Research Directions

As with any research, this study has limitations inherent in its focus and design.
A first limitation has to do with the types of firms studied. While my study focused on
data from 40 global mining firms, as included in the Responsible Mining Index (RMI),
smaller mining companies could have different practices and outcomes that are not
reflected here. Indeed, many of the smaller firms in this sample of 40 had no patenting
activity, and so the impact of patenting is more likely to be a potential driver for larger
firms or for the METS firms that were not part of this study. The focus on large
multinational mining firms may limit the generalizability of the findings to smaller
regional mining companies or to METS firms that may have different inherent dynamics
(Fernandez, 2022). Smaller firms may face different challenges or have fewer resources
to invest in sustainability initiatives, or they may have a better understanding of regional
interests and may actually do better than many of the firms studied even without
patenting activity or with limited public discourse.

Future research could focus on the drivers of responsible mining in smaller and
regional firms, if a good reliable metric for responsible mining can be found in place of
the RMI measure used in the current study. As a first step, the current RMI data could be

divided into two groups, large and small, and some comparative work could explore
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some initial insights as to whether size drives differences in how sustainability orientation
and sustainable innovations contribute to responsible innovation.

A second limitation may be in the use of the five-year time lag data in contrasting
sustainability-oriented leadership and the RMI data. The lag was intended to capture
long-term investment and resultant effects, but changes in firm practices or external
factors such as regulatory changes during this period may not be fully reflected in the
analysis, potentially impacting the accuracy of the findings.

Future research could test different lag periods to see the strength of the effect
across such delays. There may also be some instances of natural experiments—where
regulation comes into play in certain countries that changes the broader discourse (or
makes it required to address certain issues) as reflected in annual reports or other
communications—that could be the basis for understanding the effect of shocks on
spurring responsible outcomes.

A third limitation comes with the use of patent data as an overall proxy for
focusing on sustainable innovations aligned with the UN SDGs. While use of patents to
assess innovative activity is common in research on innovation (Narin et al., 1988)), it is
also recognized that patent analysis may not capture all forms of innovation, particularly
in industries where collaboration and the adoption of external technologies (such as
through METS firms) play a significant role. The reliance on patents could result in
underestimating the extent of sustainability-related innovation in the mining industry.

Future research could expand the count of innovation capacity by using mentions
of innovative activity in industry journals, press releases, and even conference paper

proceedings as ways to measure sustainability innovations outside of the bounds of the
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patent process. Furthermore, measures that look at investments in research and
development, the adoption of external technologies, or sustainability-focused partnerships
and joint ventures, might provide another way to measure and test a focus on sustainable
innovation in relation to responsible mining.

Fourth, the use of text analysis of annual reports to assess leadership’s
sustainability orientation may overlook other forms of communication or actions that are
not reflected in these reports. One further form of communication is through dedicated
sustainability reports, which are optional means of communicating a firm’s efforts in this
realm, over-and-above what might be captured in an annual report. Additionally, the use
of keyword density as a proxy for sustainability orientation may not fully capture the
nuances of how sustainability is prioritized within firms.

One avenue for future research would be to compare the degree to which firms
take the initiative to produce sustainability reports, and whether this relates to better RMI
(or similar) scores, or whether such reports are just another form of greenwashing (de
Freitas Netto et al., 2020). Future research could also integrate additional methods, such
as interviews or more in-depth comparative case studies (Eisenhardt, 1989), to better
understand leadership actions and their impact on sustainability. Combining text analysis
with qualitative data could provide a richer and more nuanced understanding of how

firms prioritize sustainability in practice, beyond what is communicated in reports.

Conclusions
The context of the mining industry allowed for the investigation of what drivers
might best lead to responsible and sustainable outcomes. This industry features a wide

range of firms that had an equally wide range of responsible mining outcomes and an
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independent body that had provided in-depth detailed assessment of environmental
sustainability. This study highlighted the influence of sustainability-oriented leadership
and SDG-related innovations on responsible mining outcomes. By analyzing
sustainability keyword density in corporate communications and the proportion of SDG-
focused patents, the research revealed marginally significant effects of firms emphasizing
sustainability in both leadership discourse and innovation on environmental responsibility
outcomes. Although frame positivity did not significantly impact responsible mining
outcomes, the overall findings suggest that authentic sustainability efforts can underpin
the industry’s development toward responsible outcomes.

The implications for mining firms are to continue to incorporate sustainability in
both strategic communications and innovation pipelines to encourage more responsible
practices. However, this requires a long-term commitment from leadership to foster a
sustainability-focused culture, as well as continued investment in sustainable
technologies. Importantly, this research also addressed concerns around greenwashing,
showing that mere positivity in corporate messaging does not drive responsible
outcomes; instead, real innovation and meaningful discourse matter more.

Mining is a fundamental and global industry, and understanding how to mine
responsibly will only become increasingly important in the years to come. The insights
gathered as part of this unique dataset combining SDG-related patent information,
sustainability-related keyword counts, and frame positivity scores, provides guidance for
firms in this important industry, as well as enriching our understanding of the links
between innovation, top-management communication, and responsible outcomes more

generally. Overall, this study provides useful guidance for mining firms striving to align
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their strategy and innovation with global sustainability goals, contributing to a broader

understanding of the drivers for environmentally responsible industries.
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