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RESUMO

A atividade mineradora, embora essencial para o desen-
volvimento econdémico, apresenta elevado risco ambiental.
Os desastres ocorridos em Mariana (2015) e Brumadinho
(2019), ambos em Minas Gerais e envolvendo a mineradora
Vale S.A., evidenciaram falhas significativas na gestdo de
barragens e residuos, com impactos socioambientais expres-
sivos. Neste contexto, o objetivo desta pesquisa é analisar a
evolugdo da divulgagdo dos riscos ambientais relacionados
a gestao de barragens e residuos pela Vale S.A. Foi construido
um indice de divulgacdo com base nas métricas do setor de
Metais e Mineragdo da norma SASB, orientadas pela
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IFRS S1, para mensurar a aderéncia da empresa aos tépicos EM-
MM-150a (Gestdo de Residuos e Materiais Perigosos) e EM-
MM-540a (Gestéo de Instalacdes de Armazenamento de Rejeitos).
Os dados foram coletados dos Relatorios de Sustentabilidade da
Vale S.A. (2014 a 2024) e dos Databooks ESG (2021 a 2024). Os
resultados indicam avangos na transparéncia da Vale S.A. apds
o desastre de Mariana, retrocesso apds Brumadinho e retomada
na qualidade das divulgagdes a partir de 2022, coincidindo com
a adogéo efetiva das métricas SASB. Apesar da melhora recente,
as evidenciagdes da companhia ainda ndo atendem integralmente
aos critérios da norma. Conclui-se que, embora tenha havido
progresso, a plena conformidade com as diretrizes de
sustentabilidade permanece como desafio para a Vale S.A.

Palavras-chave: Relatéorios de Sustentabilidade; Riscos
ambientais; IFRS S; SASB; Vale S.A.

ABSTRACT

Mining activity, although essential for economic development,
entails high environmental risk. The disasters in Mariana (2015) and
Brumadinho (2019), both in Minas Gerais and invol-ving the mining
company Vale S.A., revealed significant short-comings in dam and
waste management, with substantial socio-environmental
impacts. In this context, the objective of this study is to analyze the
evolution of environmental risk disclosure related to dam and
waste management by Vale S.A. A disclosure index was developed
based on the Metals and Mining sector metrics of the SASB
standard, guided by IFRS S1, to assess the company’s adherence
to topics EM-MM-150a (Waste and Hazardous Materials
Management) and EM-MM-540a (Tailings Storage Facility
Management). Data were collected from Vale S.A.’s Sustainability
Reports (2014-2024) and ESG Databooks (2021-2024). The
results indicate improvements in Vale S.A.’s transparency following
the Mariana disaster, a setback after Brumadinho, and a recovery
in the quality of disclosures from 2022 onwards, coinciding with the
effective adoption of SASB metrics. Despite recent progress, the
company’s disclosures still do not fully meet the standard’s criteria.
It is concluded that, although advances have been made, full
compliance with sustainability guidelines remains a challenge for
Vale S.A.

Keywords: Sustainability Reports; Environmental Risks; IFRS S;
SASB; Vale S.A.

1. INTRODUCTION

Mining activity in Brazil presents a high environmental risk, with
the potential to negatively impact the economic and financial
performance of companies in the sector (Alves; Carneiro; Paiva,
2020). On November 5, 2015, the collapse of the Fundado dam,
owned by Samarco, controlled by Vale, took place in Mariana (MG)
S.A. and BHP Billiton—, resulting in 18 deaths, one missing person and
the homelessness of several families (Vale, 2015). In 2019, Vale faced
a new disaster with the rupture of the Corrego do Feijdo dam, in
Brumadinho (MG), which killed 270 people (Vale, 2019). The tailings
mud destroyed faciliies and adjacent areas, contaminated rivers,
devastated vegetation and compromised the fauna and livelihood of the
local community (Melo; Guimaraes, 2023).

These high-impact events drew the attention of investors,
regulators, and other economic agents (Silva; Barros, 2023), giving
Vale negative international recognition for
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their social irresponsibility (Saes et al., 2021) and reinforcing the
importance of more rigorous monitoring of corporate practices and
social legitimation strategies (Cosenza et al., 2018). Although there is
a requirement for listed companies to follow accounting and
disclosure standards, stakeholders often point out that their annual
and quarterly reports present only the minimum required, evidencing
flaws in both the legislation and the corporate disclosure systems
(Fabricio; Ferreira; Borba, 2021).

Despite the growth in the disclosure of socio-environmental

information by Brazilian companies, there are still gaps in
transparency and data verification (Silva et al., 2024). In the case
of Vale S.A,, although progress has been observed — especially in
2019 and 2020, with greater use of quantitative data ("rigid
disclosures")
—, criticism persists of the integrity of the information disclosed
(Queiroga et al., 2023). After the Mariana and Brumadinho
disasters, fallacies were identified in the reports published by the
company, indicating the presence of misleading information or
omissions regarding the company's environmental responsibilities
(Lima et al., 2023). In addition, the company's response to disasters
has been reactive, with reports focused on post-crisis actions,
suggesting more of an attempt to repair the image than an effective
commitment to sustainability (Queiroga et al., 2023).

However, investors require transparent and reliable ESG
information to assess risks that may affect future cash flows and
thus optimize financial returns (Amel-Za-deh; Serafeim, 2017;
Villiers, 2017). In addition, factors such as the more accurate pricing
of environmental risks (Repetto, 2007) and the response to the
growing demand of clients for sustainable investments (Amel-
Zadeh; Serafeim, 2017) reinforce the strategic importance of this
information. Thus, it is necessary to understand how Vale S.A. has
disclosed information about environmental risks in order to
minimize the negative impacts of the disasters that occurred and
remain attractive to financial capital.

Previous research, such as that of Costa et al. (2020),
examined the disclosure of environmental risks in the Sustainability
Reports of the companies Samarco and Vale S.A., in the period
from 2014 to 2018, focusing on adherence to the indicators
established by the Global Reporting Initiative (GRI). In a
complementary way, Silva, Lagrage and Oliveira (2022)
investigated the environmental compliance practices evidenced in
Vale's sustainability reports
S.A. after the Mariana disaster, based on the Theory of Legitimacy.
Despite the contributions of these approaches, a gap in knowledge
persists about Vale S.A.'s disclosure of social and environmental
risks in light of IFRS S1.

IFRS S1, developed by the International Sustainability
Standards Board (ISSB) and published in 2023, establishes that
companies must disclose information related to risks and
opportunities linked to sustainability, ensuring that such data is
relevant, complete, and comparable. In addition, it guides the
consideration of the sectoral metrics provided by the Sustainability
Accounting Standards Board (SASB), which reinforces the need for
clear and consistent reporting.

In view of the above, the question that guides this research
arises: how has the disclosure of environmental risks related to the
management of dams and waste by Vale S.A. evolved after the
disasters that occurred in Minas Gerais? In order to achieve the
answer to the research problem presented, the general objective of
this work is to analyze the evolution of the disclosure of
environmental risks related to the management of dams and waste
by Vale S.A. after the disasters that occurred in Minas Gerais. To
this end, a research was carried out with content analysis in the
company's Sustainability Reports, referring to the years 2014 to
2024, and in the ESG Databooks, from 2021 to 2024.

The environmental tragedies that occurred in Minas Gerais in the
2010s highlighted the need for greater transparency in the disclosure
of environmental risks by companies in the mining sector. Large
corporations, such as Vale S.A., must consistently communicate
compliance with standards, the implementation of sustainability
programs, and risk management (Silva, 2019). IFRS S1 and S2,
which establish the obligation to report relevant, complete and
comparable information on sustainability-related risks and
opportunities, combined with SASB metrics for mining, provide a
robust benchmark to ensure transparent and accountable
disclosures (Wahyuni, 2025).

In this scenario, it is relevant to analyze the evolution of the disclosure
of these risks by Vale S.A., verifying its adherence to international
standards and its socio-environmental commitment.

The study strengthens the theoretical consistency of the
accounting area by exploring recent guidelines, such as IFRS S,
which are still little addressed in the literature, and by highlighting
the role of Environmental Accounting in measuring, recording and
communicating environmental impacts. For professional practice, it
offers subsidies for accountants, auditors and managers to improve
the preparation and auditing of financial and sustainability reports,
in line with global standards and transparency demands. At the
same time, it contributes socially by stimulating critical thinking and
fostering preventive actions against environmental tragedies
resulting from corporate failures.

2. LITERATURE REVIEW
2.1 Theoretical perspective

Social expectations in relation to companies began to include,
in addition to profit and the supply of goods and services, the
incorporation of values that rethink concepts such as market
failures (Sousa; Weffort; Cillo, 2015). In this context, the
Stakeholder Theory, developed by R. Edward Freeman in the
1980s, proposes that organizations consider the interests of
everyone who influences or is influenced by their activities
(Freeman, 1984; Catrib; Junior; Garcia, 2022). The effective
management of relationships with current and future stakeholders
requires the integration of these interests into business strategies,
as their negligence can compromise the reputation and
sustainability of the organization (Lyra; Gomes; Jacovine, 2009;
Freeman, 1984).

In addition, the Theory of Legitimacy maintains that companies
operate based on an implicit social contract, and must align their
practices with society's expectations to ensure acceptance and
continuity (Eugénio, 2010; Zyznarska-D-worczak, 2018). The
disclosure of social and environmental information is used as a
strategy to legitimize activities and demonstrate commitment to
environmental protection and social well-being (Guthrie; Parker,
1989; Eugénio, 2010). When legitimacy is lost, society can revoke
this contract, resulting in a drop in demand, loss of financial support,
and the imposition of government restrictions (Deegan, 2002).

Thus, the perspectives of Stakeholder Theory and Legitimacy
Theory offer the conceptual basis for understanding how Corporate
Social Responsibility (CSR) or Corporate Social Irresponsibility
(CSl) manifests itself in the mining sector. By analyzing the practices
of disclosure of social and environmental risks, it is possible to identify
how companies seek to meet the demands of their stakeholders and
preserve their social legitimacy

2.2 Corporate Social Responsibility or Irresponsibility in the
Brazilian Mining Sector

Corporate Social Responsibility (CSR) refers to the
commitment of companies to adopt policies, decisions, and
practices aligned with society's values and objectives (Bowen,
1953), consolidating itself over the decades as a fundamental
metric of corporate performance (Chung; Jung; Young, 2018). At
the same time, Corporate Social Irresponsibility (CSI) corresponds
to corporate actions or omissions that generate material or
immaterial damage to society and the environment, often resulting
from the discrepancy between business discourse and practice
(Franco; Batista, 2024; Lin-Hi; Muller, 2013; Medeiros; Alcadipani,
2013). Examples such as the British Petroleum oil spill in the Gulf
of Mexico and the rupture of the Samarco dam in Brazil, show that
socially responsible companies in their discourse can be associated
with major environmental disasters (Spencer; Fitzgerald, 2013;
Cosenza et al., 2018). In this way, the market tends to reduce the
value of companies due to the environmental damage caused by
them (Nogueira; Angotti, 2011).
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In Brazil, mining has played a central role in its economic
development since the colonial period, especially in Minas Gerais
(Carvalho et al., 2022), but also left as a legacy recurrent
environmental disasters (Melo; Guimaraes, 2023). Historically, the
sector has operated with little socio-environmental concern,
exploiting resources in areas without infrastructure and abandoning
them after economic exhaustion (Jenkins, 2004). This activity, from
processing to the storage of tailings, presents a high environmental
risk, and Brazil accumulates occurrences that could be framed as
environmental crimes (Alves; Carneiro; Paiva, 2020).

From the end of the 1990s, in the face of strong reputational
erosion, large mining companies began to adopt CSR policies and
to expand the disclosure of socio-environmental reports (Jenkins,
2004; Saes et al., 2021) to meet the expectations of stakeholders
and ensure their legitimacy. Even so, the location of dams close to
vulnerable communities has generated serious social, economic
and environmental consequences (Barros; Mendonga, 2024),
highlighting the need to align the sector with SDG 12, which deals
with sustainable production and consumption patterns (Carvalho et
al., 2022).

In 2025, Brazil had 261 tailings dams with high Associated
Potential Damage, 57% of them in Minas Gerais, 70 of which
belonged to Vale S.A., including one at Emergency Level 3 (ANM,
2025). This scenario reinforces the distance between the
company's CSR discourse and its practices, revealing evidence of
Corporate Social Irresponsibility (Saes et al., 2021) and justifying
the analysis of how the company has disclosed risks and mitigation
actions.

2.3 The case of Vale S.A.

On November 5, 2015, Brazil experienced its greatest socio-
environmental tragedy with the collapse of Samarco's Funddo dam
— a joint venture between Vale S.A. and BHP Billiton — located in
Mariana (MG), and intended for the storage of iron mining tailings
(Rocha, 2021). The collapse released about 50 million m® of
tailings, classified as non-hazardous and non-inert for iron and
manganese (NBR 10.004), devastating 1.469 hectares along 77 km
of watercourses, destroying permanent preservation areas and
irreversibly compromising fauna (Ibama, 2015). The mud reached
more than 700 km to the mouth of the Doce River, reaching the
coast of Espirito Santo, Bahia and Rio de Janeiro.

The disaster resulted in the death of 19 people, displaced
communities, destroyed villages and infrastructure, compromised
water supplies, and affected agriculture, fishing, tourism, and
energy generation (Brasil, 2015). Despite being one of the largest
global environmental disasters, its economic impacts were quickly
absorbed by the capital market, without causing a lasting drop in
the value of mining company shares in Brazil (Araujo; Soares;
Abreu, 2018).

While the Mariana tragedy represented the largest
environmental disaster in Brazil, Brumadinho recorded the greatest
social impact in national history (Rocha, 2021). On January 25,
2019, Vale S.A's B1 dam, built in the 1970s with the upstream
raising technique by Germany's Ferteco and acquired by Vale in
2001, broke, releasing about 13 million m?® of tailings from the
Cérrego do Feijao mine. The flow, at 80 km/h, reached the
Paraopeba River basin and caused the rupture of other
containment dams, such as B IV and B IV-A (Brasil, 2019).

The wave of tailings destroyed the mining company's facilities
and neighboring areas, causing the death of more than 270 people,
contaminating the Paraopeba River, devastating vegetation,
affecting fauna and impacting indigenous and riverine communities
(Melo; Guimaréaes, 2023). The tailings covered 297.28 hectares,
compromising at least 193 structures; 51% of the affected area had
preserved native vegetation, 19% sheltered intense human activity
and 13% was destined for agriculture. These damages generated
environmental contamination, worsening of the physical and mental
health of the communities, and regional socioeconomic instability
(Pereira; Cruz; Guimaraes, 2019).

In addition, there was a strong immediate disinvestment by
shareholders, intensified by the fact that the Brumadinho operations
are fully controlled by Vale and because this is the second
occurrence of negligence by the company (Barbosa; Barros, 2021).

2.4 The case of Vale S.A.

Previous research offers important subsidies to understand the
evolution of the disclosure of environmental risks by Vale S.A. The
research by Costa et al. (2020) and Junior et al. (2024) analyzed
the management and disclosure of environmental risks by Samarco
and Vale S.A. in light of GRI standards. Costa et al. (2020) identified
an increase in adherence to the GRI criteria after the Samarco dam
collapse, but not after Brumadinho, highlighting persistent flaws in
the clarity of the information, which compromised the transparency
and credibility of the companies. Junior et al. (2024) found that, as
of 2020, Vale began to adopt more direct communication about dam
failures, assuming responsibilities and aligning itself with
international standards and global risk management trends, such
as those of the Allianz Risk Barometer.

On the other hand, Silva, Lagrage and Oliveira (2021)
evaluated Vale S.A.'s environmental compliance practices, pointing
out that, although there were social and environmental actions, the
strategies were not properly detailed in the Sustainability Reports
between 2015 and 2018. In a complementary way, Queiroga, Reis,
and Melo (2023) analyzed the company's environmental disclosure
from 2016 to 2020, classifying the information as quantitative (hard)
or qualitative (soft). The authors identified an increase in
transparency after the disasters of 2015 and 2019, with stability in
the volume of soft data and a significant increase in hard data in
2020.

3. METHODOLOGY

The present research is descriptive and adopts a case study on
the disclosure of environmental risks by Vale S.A., with a
qualitative-quantitative approach. It is a documentary research,
based exclusively on documents, aiming to extract relevant
information to understand the phenomenon. The unit of analysis
comprises the Sustainability Reports (2014-2024) and the ESG
Databooks (2021-2024) of Vale S.A., chosen for its central role in
the sector and for having been responsible for the disasters of
Mariana (2015) and Brumadinho (2019). The period analyzed, from
2014 to 2024, allows us to assess the evolution of risk disclosure
over time. The data was collected between April and May 2025.

The data analysis technique adopted was content analysis,
focused on Vale S.A.'s Sustainability Reports, to identify the
evolution of the company's disclosure of environmental risks in
relation to SASB metrics. The analysis categories were defined
based on IFRS S1, which guides entities to consult and evaluate
the applicability of the metrics associated with the disclosure topics
provided for in the SASB Standards. Specifically, the topics of
Waste and Hazardous Materials Management and Management of
Tailings Storage Facilities in the Metals and Mining sector, to which
Vale S.A. belongs, were considered. The two topics were chosen
because they are directly related to environmental disasters
involving dams.

The metrics analyzed are described in Chart 2. Each one was
broken down into the respective items required by the SASB
standard, totaling 59 items for the period from 2014 to 2019 and 76
items from 2020 to 2024. The difference is due to the fact that the
17 items related to the Global Industry Standard on Tailings
Management (GISTM), created in 2020, were not considered in the
analysis of the years prior to its creation. For the years 2014 to
2020, it was necessary to carry out a methodological adaptation,
relating the SASB Standards with the GRI guidelines, in order to
standardize and optimize the identification of information in the
reports. For the years 2019 to 2023, the analysis followed SASB
metrics. In addition, for all years, keywords previously defined in
Table 2 were used.
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Panel 1 - SASB Standard Metals & Mining Industry Disclosure Topics

TOPIC METRICS ITEMS

EM-MM-150a.5. Total weight of tailings produced

Waste

Source: Adapted from SASB (2023)

To assess the company's degree of compliance with the items
analyzed, the Disclosure Index (DI) was calculated using the
content analysis technique. According to Bittencourt and Ribeiro
(2022), the ID corresponds to the ratio between the number of items
disclosed and the sum of all items, as illustrated in Figure 1.
According to Lemos, Rodrigues and Ariza (2009), the ID is
constructed without assigning weights, considering that all items
have the same importance for the users of accounting information,
since weightings would require prior analysis and could generate
subjectivity.

Figure 1 — Disclosure Index

IDizie—j
Jj=1 ¢

Source: Based on Bittencourt and Ribeiro (2022) and Teixeira et. al
(2021)

The Disclosure Index (DI) of company i (Vale S.A.) is calculated
based on the dichotomous variable (ej), which assumes a value of 1
when the item is disclosed and 0 when it is not; and in the total of
elements analyzed
(e) (Bittencourt and Ribeiro, 2022). For this, the data were organized
in an electronic spreadsheet. Each item, related to metrics, received
1 point if the information was identified in Vale S.A.'s reports, and 0,
if not. Thus, the annual total of points varies from 0 to 59 between
2014 and 2019, and from 0 to 76 between 2020 and 2024.

Based on these results, the levels of disclosure were classified
by quartiles. Following the criterion proposed by Teixeira

EM-MM-150a.7. Total weight of hazardous waste generated

EM-MM-150a.9. Number of hazardous materials incidents and hazard management

EM-MM-540a.1. Tailings Storage Facility Inventory Table: (1)
Facility Name, (2) Location, (3) Ownership Status, (4) Status

EM-MM-540a.2. Summary of tailings management systems and governance structure
used to monitor and maintain the stability of tailings storage facilities 10

KEYWORDS

reject; waste;
GISTM

dangerous; Basel;
UNEP

incident; shedding;
leakage; Basel;
UNEP

risk management; dam
management;

waste management;
management

dams; waste;
GISTM

et al. (2021), the first quartile corresponds to the good level of
disclosure, while the fourth quartile indicates a poor level. The
classification of the levels is shown in Table 3.

Table 2 — Classification of disclosure levels

LEVELS BBREVIATIO CLASSIFICATION
N
2

0.51a0.75 S Satisfactory
4 0.00 a 0.25 R Poor

Source: Adapted from Bittencourt and Ribeiro (2022)

This research has as a limitation the non-comparability of the
evolution with the other topics of the SASB standards, since the study
was restricted to the analysis of only two of the twelve topics of the
Metals and Mining sector: Waste and Hazardous Materials
Management and Management of Tailings Storage Facilities.

4. RESULTS

The indexes obtained after analyzing the reports of Vale S.A.
and Databooks ESG, between 2014 and 2024, for the topics
"Management of Waste and Hazardous Materials" and
"Management of Tailings Storage Facilities" and their respective
classifications are presented in Table 1. This happens for each year
and reflects the company's level of adherence to SASB metrics.
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Table 1 — Variation in disclosure indexes

Topics 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Waste and Hazardous

Materials Management 0.00 0.61 0.59 0.36 0.57 0.32 0.25 0.33 0.56 0.44 0.52
Facility Management

Tailings Storage 0.00 0.37 0.37 0.30 0.41 0.30 0.24 0.22 0.44 0.66 0.66
General Disclosure 0.00 0.49 0.48 0.33 0.49 0.31 0.25 0.28 0.50 0.55 0.59
Level R | | R S S

Source: Prepared by the author (2025)

It is observed that the calculated indices varied significantly
each year. The level of general disclosure indicates that, prior to
the collapse of the Mariana dam (MG) in 2015, Vale S.A. did not
present any information on waste or dam management in the
company's reports (0.00). In 2015 and 2016, there was relevant
growth (0.49 and 0.48), indicating a quick response to stakeholders
in the face of what happened, with a classification very close to the
satisfactory range. However, over the years there has been a
downward oscillation in the disclosure index, varying the level of
classification from unsatisfactory to poor, reaching higher
disclosure values again from 2022 onwards, being classified as
satisfactory.

Contrary to the expected trend, the Brumadinho disaster in
2019 did not promote an increase in the disclosure of environmental
risks. On the contrary, the indexes from 2019 to 2021 were the
lowest since 2014, with a highlight to 2020, which presented the
worst result in the series (0.25), with a bad classification. This
behavior indicates inconsistency in the company's communication
in the face of critical events.

As of 2022, there is a more consistent trend of positive evolution
in the disclosure of environmental information. This advance
coincides with the full adoption of the standards' metrics

SASB by Vale S.A., which, until then, were only superficially
mentioned in the company's reports, through correlations with GRI
indicators since 2019. As of 2022, however, the company began to
disclose, through the ESG Databook, the 29 complete metrics of
the Metals and Mining sector established by SASB, expanding the
scope of the information presented.

This process is related to the strengthening of the practices
required by the publication of the IFRS S1 standard in 2023, which
consolidated stricter guidelines on the transparency of
sustainability-related disclosures. As a result, in 2023 and 2024, the
disclosure indexes presented a value higher than 0.50, being
classified as satisfactory.

Even so, none of the topics analyzed achieved full adherence
to the standards, or a good disclosure index, which reinforces the
need to improve the quality of disclosures, especially with regard to
the preventive management of dams and the technical detailing of
the information required by each metric.

Table 2 presents the Disclosure Index (DI) of the metrics
analyzed in the topic of Waste and Hazardous Materials
Management individually.

Table 2 — Variation in the disclosure indexes of Waste and Hazardous Materials Management

SUSTAINABILITY REPORTS

Metrics 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
EM-MM-150a.4. 0.00 0.25 0.25 0.00 0.75 0.25 0.00 0.00 0.25 0.25 0.25
EM-MM-150a.5. 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
EM-MM-150a.6. 0.00 0.50 0.50 1.00 0.50 0.50 0.00 0.50 0.50 0.50 0.50
EM-MM-150a.7. 0.00 0.67 0.67 0.00 0.67 0.00 0.00 0.00 0.67 0.33 0.33
EM-MM-150a.8. 0.00 0.40 0.40 0.00 0.00 0.00 0.00 0.00 0.60 0.40 0.40
EM-MM-150a.9. 0.00 0.83 0.83 0.00 0.50 0.00 0.50 0.50 0.50 0.17 0.50
EM-MM- 150a.10. 0.00 0.63 0.47 0.53 0.58 0.47 0.26 0.32 0.42 0.42 0.63
Average 0.00 0.61 0.59 0.36 0.57 0.32 0.25 0.33 0.56 0.44 0.52

Source: Prepared by the author (2025)

Analysis of the metrics of the EM-MM-150a (waste and
hazardous materials management) topic reveals an inconsistent
evolution over the years. The years 2015, 2016 and 2018
presented the best performances, while 2020 was the most critical,
with the level of disclosure classified as poor.

The indicator EM-MM-150a.4 (total weight of non-mineral
waste generated) reached a satisfactory level only in 2018, the year
in which Vale S.A. detailed the included and excluded waste. In the
others, it was limited to the presentation of the total volume, without
technical explanations to fully comply with SASB standards.

In contrast, EM-MM-150a.5 (total weight of tailings produced) was
the only one to achieve a good level of adherence in all the years
analyzed after 2014. As of 2020, it began to incorporate a GISTM
requirement, referring to the alignment of the definition of rejections with
the criteria of the standard itself, which was consistently met. As for EM-
MM-150a.6 (total weight of rock waste generated), the data were
presented as "sterile". However, only in 2017, the definition was
explained according to the criteria of the standard. In 2020 there was
no evidence, and, in the other years, the dissemination was
unsatisfactory.

The indicator EM-MM-150a.7 (total weight of hazardous waste
generated) began to be reported after the tragedy in Mariana (MG),
but although satisfactory in some years, it lacked continuity and
technical definitions, such as the reference to the Basel
Convention. In 2017, it was classified as non-material. In 2023 and
2024, there was a drop in the quality of information.

EM-MM-150a.8 (total weight of recycled hazardous waste) was
partially met in the three years after Mariana (MG) and was only
released again between 2022 and 2024, in the ESG Databook.
Although some reports presented the amount of waste recycled,
they did not specify whether it was hazardous or mention
compliance with the Basel Convention, which compromised
adherence to the metric. In 2017 and 2018, the information was
considered non-material.

The EM-MM-150a.9 metric (number of incidents associated
with hazardous materials and waste management) showed partial
disclosure in most years, with good performance in 2015 and 2016.
In 2023, the level was classified as poor because it only presents
the total numbers, without specifying the nature of the hazardous
materials involved.
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Finally, EM-MM-150a.10 (description of waste and hazardous
materials management policies and procedures for active and
inactive operations), which refers to the actions expected of mining
companies in waste management, showed a significant increase in
2016 (0.68), suggesting rapid implementation after Mariana (MG).
However, the evidence for these policies has reduced in the
following years, except for 2018, and only returned to a satisfactory
level in 2024. This indicates inconsistency in Vale S.A.'s clarity and
transparency in waste management, even after two major
environmental tragedies.

In general, the average disclosure of this set of metrics was
unstable, with few years of satisfactory adherence. This oscillation

shows that, although Vale S.A. discloses part of the expected
information, the absence of explanations and the standardization of
information and technical definitions compromise the quality of the
disclosure. Numerical data is often presented without proper
context or clear criteria, which makes it difficult for stakeholders to
understand and fully comply with SASB standards. Table 3 shows
the Disclosure Index (DI) of the metrics analyzed in the topic
management of tailings storage facilities.

Table 3 — Variation in the disclosure indexes of Tailings Storage Facility Management

SUSTAINABILITY REPORTS

2014 Metrics 2015 2016 2017 2018
EM-MM-540a.1. 0.00 0.00 0.00 0.00 0.33
EM-MM-540a.2. 0.00 043 043 0.57 0.57
EM-MM-540a.3. 0.00 0.67 0.67 0.33 0.33
Average 0.00 0.37 0.37 0.30 0.41

2019 2020 2021 2022 2023 2024
0.00 0.00 0.00 0.00 0.47 0.47
0.57 0.40 0.50 0.50 0.50 0.50
0.33 0.33 0.17 0.83 1.00 1.00
0.30 0.24 0.22 0.44 0.66 0.66

Source: Prepared by the author (2025)

Analysis of the topic EM-MM-540a (management of tailings storage
faciliies) reveals historically limited disclosure, but with gradual
improvement in recent years.

The metric EM-MM-540a.1 (inventory table of tailings storage
facilities) was released in only 3 of the 11 years analyzed. In 2018,
it appeared briefly in the Sustainability Report (0.33), in an
unsatisfactory way. In 2023 and 2024, Vale S.A. started to make
available, in the ESG Databook, an external link
(https://principio15.azurewebsites.net), for the Portal for the
Disclosure of Information on Tailings Storage Structures, created in
accordance with Principle 15 of the GISTM. Despite the initiative, not
all the requirements of the metric were identified on the portal,
especially those linked to the GISTM itself, maintaining the disclosure
as unsatisfactory. In the 2020 Sustainability Report, an alternative link
(http://www.vale.com/esg/pt/Paginas/ControleGestao-
Barragens.aspx) was identified, but it is currently unavailable,
preventing the verification of the content disclosed that year.

The EM-MM-540a.2 metric (summary of management systems
and dam governance structure) had continuous disclosure after the

disaster in Mariana (MG), suggesting that the event boosted
attention on the subject. The level of disclosure was satisfactory
between 2017 and 2019 (0.57). As of 2020, with the GISTM in force,
it remained at 0.50 adherence, considered unsatisfactory.

The metric EM-MM-540a.3 (Emergency Preparedness and
Response Plans) showed the greatest variation. It was satisfactory
right after Mariana (MG) (0.67), but fell between 2017 and 2021. As
of 2022, it reached full adherence after the disclosure of the
complete metrics in the ESG Databook, which demonstrates a positive
evolution in the disclosure of emergency actions related to dams.

Overall, tailings management indicators performed poorly or poorly
for most of the period, but the last three years indicate gradual
improvement, especially with regard to emergency response. However,
there is still no total adherence to the SASB standard, especially with
regard to preventive management, which limits the transparency and
security of the information provided to stakeholders.

Table 4 considers the evolution only of the items related to the
GISTM.

2020 2021 2022 2023 2024
EM-MM-150a.5. 1.00 1.00 1.00 1.00 1.00

| tew  God  God  God  God  Good
EM-MM-540a.1. 0.00 0.00 0.00 0.30 0.30
EM-MM-540a.2. 0.33 0.33 0.33 0.33 0.33
EM-MM-540a.3. 0.33 0.33 1.00 1.00 1.00
Average 0.22 0.22 0.44 0.54 0.54

Table 4 — Variation in disclosure indexes related to GISTM

Source: Prepared by the author (2025). In the
metric EM-MM-150a.5 (total weight of tailings produced), it is
observed that, since the implementation of the GISTM, the item
related to the definition of tailings has been consistently met, resulting
in a good level of adherence in all years.

In contrast, the EM-MM-540a.1 metric (tailings storage facility
inventory table) was partially met in 2023 and 2024, even after the
GISTM went into effect. This indicates a lack of adherence to the
technical information required by the SASB standard.

In turn, the metric EM-MM-540a.2 (summary of the tailings
management systems and governance structure used to monitor
and maintain the stability of tailings storage facilities) has partially
met the GISTM items since its implementation. However, it did not
show subsequent evolution, maintaining the score in all years
(0.33).

The metric EM-MM-540a.3 (approach to the development of
Emergency Preparedness and Response Plans (EPRPs) for
tailings storage facilities), however, has shown evolution over time,

fully meeting the items
GISTM from 2022 and reaching a good disclosure rate.

In short, the set of Tailings Storage Facility Management
(EM-MM-540a) metrics has shown a steady and positive
evolution over the years, progressing from a poor to a satisfactory
level. This improvement is largely attributed to the dissemination
of Emergency Preparedness and Response Plans (EPRPs).
However, there is still a need to improve adherence to the tailings
inventory table metrics and dam management systems to fully
align with the requirements of the GISTM in the SASB standard.

The results of this research demonstrate that, in general, the
company reacted quickly to the first accident. The analysis of the
indicators reveals that, after the Mariana tragedy (2015), Vale S.A.,
which previously did not disclose information on effluents and
waste, started to highlight this data in its reports. This finding
corroborates Costa et al. (2020), which the company, previously
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superficial and generic about the risks of its operations, adopted a
posture more aligned with the requirements of the GRI indicators
after the disaster. However, the results of the research, as well as
those of Costa et al. (2020), demonstrate that, despite the increase
in the amount of information disclosed, the evidence is still not clear
and complete, presenting flaws.

This increase in information after the accident, however, was
not maintained after the dam collapse in Brumadinho (2019). This
result contrasts with Junior et al. (2024), which identified Vale S.A.'s
?reater attention to operational risks, esgecially in the 2020
ntegrated Report, and with Queiroga et al. (2023), which observed
higher scores in the Environmental Performance IndicatorséADI) in
2016 and 2020. The divergence, however, stems from the different
methodological approaches. Junior et al. (2024) analyzed broad
material risks, and Queiroga et al. (2023) evaluated the general
socio-environmental disclosure. This study focused exclusively on
waste and dam management, using specific metrics from the SASB
standard. Thus, within their cut, there was an increase in
dissemination, but not in the scope of this research.

According to the methodology ado‘ated in this study, Vale S.A.
presented, in 2020, the worst overall Disclosure Index (DI) since
2014, with a value of 0.25, classified as poor. Although the dams
and the Brumadinho tragedy were widely cited, the report did not
adequately meet the items required by the SASB standard. These
results reinforce the conclusion of Costa et al. (2020) that the
change observed after Mariana was not repeated after Brumadinho.
Unlike this previous study, which was limited by the absence of the
2019 report, the present research analyzed later documents,
including the following years.

Thus, although there are occasional advances, most of the

reports analyzed were classified as unsatisfactory or bad. This
result suggests that Vale S.A.'s disclosures remain more focused
on formally meeting minimum accountability requirements, a typical
strategy to preserve its social legitimacy, than on a genuine
commitment to environmental transparency and the effective
satisfaction of the demands of its stakeholders. From the
perspective of the Theogl of Legitimacy, such a posture indicates
an attempt to align the discourse with social expectations only to
avoid loss of support or sanctions, without necessarily promoting
structural changes. In the light of the Stakeholder Theory, itis evident
that the company does not fully prioritize the interests and informational
needs of all the audiences affected by its activities, limiting itself to
reactive and low-detail practices. This finding converges with the
analysis by Silva, Lagrage and Oliveira (2022), who point out the low
disclosure of environmental compliance practices by the company,
evendin the face of the relevance of the topic in the post-disaster
period.
On the other hand, the results of the 2023 and 2024 reports
indicate that, in recent years, Vale S.A. has more broadly complied
with the requirements of the SASB standard for dam and waste
management, which may be a result of the issuance of the exposure
draft of the international standard IFRS S2, in 2022, and its publication
in 2023, as well as the Brazilian standard CVM 193/2023. In addition,
the adoption of the ESG Databook also stands out, as it contributed to
amﬁ)rﬁ structured disclosure of information, with greater alignment
with the
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