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Abstract

This study examines the level of climate-related disclosure by Brazilian companies in the oil,
gas, and biofuels sector from 2015 to 2024, covering the non-mandatory period, the transition
phase, and the early-adoption phase of IFRS S1 and S2. The research is qualitative,
descriptive, and documentary, and applies content analysis to sustainability reports, integrated
reports, and financial statements published by the companies. To measure the level of climate
disclosure, the study develops a metric based on the four pillars of IFRS S2, Climate
Governance and Commitments, Climate Risk and Opportunity Management, Metrics,
Emissions and Targets, and Transition Strategy and Reporting, further broken down into
specific subcategories. The findings show that climate disclosure increased over the period,
but unevenly across companies and segments, revealing different stages of informational
maturity. Until 2016, disclosure was generally low, with predominantly qualitative
information and no consistent metrics. From 2017 onwards, there has been a gradual rise in
disclosure levels, linked to the spread of TCFD recommendations and the strengthening of
international climate-reporting frameworks. However, in the early-adoption phase in 2024,
this upward trend did not consolidate uniformly, particularly due to persisting gaps in the
pillars Climate Risk and Opportunity Management and Metrics, Emissions and Targets,
which remain underreported for most firms. Overall, the sector’s climate disclosure level
ranges from low to moderate, indicating meaningful progress in aligning with IFRS S1 and
S2, while still exposing significant challenges to fully embedding climate-transparency
requirements into corporate reporting practices.

Keywords: Corporate climate disclosure; IFRS S2 - Climate-related Disclosures; Oil, gas,
and biofuels sector; Environmental and social disclosure.
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1 INTRODUCTION

Climate change has become a central issue on economic and corporate agendas,
especially since the Paris Agreement in 2015, when signatory countries committed to
reducing greenhouse gas (GHG) emissions in order to limit global warming to 1.5°C
(O’Dwyer & Unerman, 2020; Fazzi et al., 2020). Since then, climate risk has also emerged as
a financial risk factor, particularly in sectors with high environmental impact (Thoma et al.,
2019).

Among these sectors, oil, gas, and biofuels occupy a central position in the energy
matrix and are associated with high levels of carbon emissions (Arvidsson, 2023; Villiers et
al., 2024). Firms in this industry face stricter rules and more demanding transition paths,
which push them to adopt more sophisticated disclosure strategies (Ismail, Rahman, &
Hezabr, 2018). In developing countries, however, this adjustment has been uneven, due to
differences in governance quality and local institutional pressures (Orazalin & Mahmood,
2019).

In this context, initiatives such as the Task Force on Climate-related Financial
Disclosures (TCFD), initially designed as a voluntary framework, paved the way for more
formal standards and culminated in the issuance of IFRS S1 and IFRS S2 by the International
Sustainability Standards Board (ISSB), with the aim of standardizing and mandating
climate-related disclosures (Wahyuni, 2025; Villiers et al., 2024).

These standards are structured around four pillars: climate governance and
commitments, climate risk and opportunity management, metrics, emissions and targets, and
transition strategy and reporting, and are widely recognized for enhancing the comparability
and verifiability of information. Recent studies indicate that adherence to these standards
strengthens firms’ credibility with investors and other stakeholders, particularly in growth
markets where regulatory gaps are more pronounced (Yang & Farley, 2025; Liu & Whu,
2023). Even so, the quality and depth of climate disclosure still vary significantly across
sectors, regions, and governance models, and firms in developing economies continue to face
challenges related to technical capacity, regulatory pressure, and low institutional maturity,
which may undermine the effectiveness of disclosure (Sabauri & Kvatashidze, 2023).

Comyns and Figge (2015) examined the quality of greenhouse gas disclosure in the oil
and gas industry, highlighting asymmetries and weaknesses in measurement and reporting.
Ismail et al. (2018) investigated the determinants of environmental disclosure quality in
developing countries, emphasizing the role of regulatory and market pressures. Orazalin and
Mahmood (2019) analysed the drivers of GRI-based sustainability reporting in an emerging
economy, underscoring the importance of governance and international exposure. Romeiro et
al. (2021) discussed biofuel regulation and its connection to climate-mitigation policies within
the RenovaBio framework. Rossoni and Rossoni (2023) conducted a systematic review of
financial information on climate risks, identifying persistent gaps in corporate transparency.
Xhindole et al. (2025) compared TCFD-aligned reports in Italy and Spain, and found
differences in the depth of climate disclosure, while Yang and Farley (2025) assessed the
impact of regulatory reforms on climate-related environmental disclosure in China,
reinforcing the role of standards as key drivers of reporting practices.

Corporate climate disclosure has progressed gradually, in parallel with the evolution of
international guidelines and regulatory pressure. This trajectory can be understood through
three distinct phases: a non-mandatory period, from 2015 to 2016, marked by voluntary
disclosure; a transition period, from 2017 to 2023, characterized by the diffusion of
international frameworks; and an early-adoption period, from 2024 onwards, when Brazilian
companies were allowed to voluntarily apply IFRS S1 and IFRS S2.

Against this backdrop, the research addresses the following question: What is the level
of climate-related disclosure by Brazilian oil, gas, and biofuels companies during the non-
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mandatory, transition, and early-adoption periods of IFRS S1 and IFRS S2, between 2015 and
2024? Accordingly, the study aims to analyse the level of climate-related disclosure by these
companies across these three regulatory phases.

The research is also connected to the Sustainable Development Goals (SDGs) of the
United Nations 2030 Agenda, in particular: SDG 7 - Affordable and Clean Energy, by
examining corporate commitments to renewable energy and the reduction of environmental
impacts; SDG 9 - Industry, Innovation and Infrastructure, by assessing the extent to which
firms adopt innovative practices and cleaner industrial processes; and SDG 13 - Climate
Action, by analysing corporate responses to regulatory and market demands related to climate
change.

Finally, the study offers contributions to multiple stakeholders. For society, it sheds
light on how high-impact companies in Brazil address climate risks. In academia, it enriches
the literature by incorporating the Brazilian context and the evolution of environmental and
climate-related accounting regulation. For the market, it supports investors and analysts in
assessing the consistency of climate information disclosed by firms. For regulators, it
provides evidence on the progress and remaining challenges in implementing the Brazilian
Sustainability Disclosure Technical Standards (NBC TDS).

2 THEORETICAL FRAMEWORK
2.1 Theories and environmental-social disclosure

Environmental and social disclosure refers to the practice of companies
communicating their environmental and social impacts, as well as the policies and strategies
they adopt to promote sustainability (Edge, 2022). This disclosure may be voluntary, when
provided proactively and strategically by firms, or mandatory, when required by laws and
regulations (Nazari, Herremans, & Warsame, 2015; Goel, 2018).

Legitimacy Theory is often used to explain voluntary disclosure practices, based on
the idea that organizations seek to maintain social approval for their activities (Correa,
Gongalves, & Moraes, 2015; Ascari et al., 2023). Companies determine the level of detail,
format, and content of the information they report to reinforce their legitimacy and reduce
information gaps (Soeiro & Wanderley, 2019; O’Dwyer & Unerman, 2020). Sectoral studies
in the oil and gas industry show that climate-related disclosure tends to increase after
environmental incidents, as firms attempt to mitigate reputational damage (Comyns & Figge,
2015; Ismail, Rahman, & Hezabr, 2018).

Stakeholder Theory, in turn, views disclosure as a response to the expectations of
different groups that affect or are affected by the organization (Bandeira, Ott, & Rover, 2022;
Kant, 2020). From this perspective, mandatory standards set technical requirements to ensure
data comparability and reliability, thereby enhancing transparency for stakeholders (Villiers et
al., 2024; Sousa, Ferreira, & Mario, 2022). The scope of information disclosed depends on the
power and salience of these groups and tends to be broader in listed companies with greater
international exposure (Orazalin & Mahmood, 2019; Ismail et al., 2018).

Institutional Theory complements these views by suggesting that disclosure practices
are not only strategic choices, but also responses to coercive pressures (laws and regulations),
normative pressures (professional standards and investor expectations), and mimetic pressures
(imitation of industry leaders) (Degenhart et al., 2016; Nazari et al., 2015). In the oil and gas
sector, subsidiaries of multinational corporations often replicate disclosure patterns set by
their parent companies, reinforcing organizational isomorphism (Hostut & Hof, 2020; Ismail
et al., 2018).
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2.2 International climate-disclosure frameworks (TCFD, ISSB, IFRS S1 and S2)

Although environmental and social disclosure brings benefits such as reputation
enhancement, attracting investment and reducing image-related risks (Edge, 2022; Romeiro,
Simdes, & Kurita, 2021), it also has important limitations. Before the creation of the
International Sustainability Standards Board (ISSB), the lack of harmonization among
different guidelines reduced comparability of reports and undermined the reliability of
disclosed information (Antonini, Beck, & Larrinaga, 2020; Villiers et al., 2024).

The acceleration of climate change and growing pressure from investors and
regulators fostered the development of international frameworks designed to standardize and
improve the quality of climate-related disclosure (Edge, 2022; Goel, 2018). These
frameworks aim to integrate environmental risks and opportunities into financial
decision-making, allowing users to assess corporate resilience and sustainability in light of the
Paris Agreement (O’Dwyer & Unerman, 2020; Villiers et al., 2024).

The Task Force on Climate-related Financial Disclosures (TCFD) was established in
2015 by the Financial Stability Board (FSB) to issue disclosure recommendations tailored to
capital-market needs, and in 2017, it released its first comprehensive set of climate-reporting
guidelines (O’Dwyer & Unerman, 2020; Xhindole, Tarquinio, & Sierra-Garcia, 2025). The
TCFD framework is structured around four pillars: governance, strategy, risk management,
and metrics and targets, and represents a milestone in linking sustainability and financial
information (Edge, 2022; Wahyuni, 2025).

One of its key features is the requirement for climate-scenario analysis, which assesses
a company’s ability to adapt under different global-warming pathways (O’Dwyer &
Unerman, 2020; Thoma et al., 2019). Scenarios such as the 2°C and 1.5°C pathways proposed
by the International Energy Agency provide inputs to estimate transition risks and business
opportunities (Charnock & Hoskin, 2020; Thomi et al., 2019). In practice, however, this
requirement has been only partially implemented, as many firms conduct superficial analyses
or fail to disclose their assumptions transparently (O’Dwyer & Unerman, 2020; Xhindole et
al., 2025).

The creation of the ISSB, announced at COP26, consolidated the convergence of
multiple initiatives into a set of mandatory global standards, materialized in IFRS S1 and
IFRS S2 (Edge, 2022; Villiers et al.,, 2024). IFRS S1 sets out general requirements for
sustainability-related disclosure, while IFRS S2 focuses specifically on climate-related
information and remains fully aligned with the TCFD architecture (Wahyuni, 2025; Xhindole
et al., 2025).

A central innovation of the ISSB standards is their emphasis on financial materiality,
requiring disclosure only of climate-related information that is relevant to investors’ economic
decisions (Edge, 2022; Villiers et al., 2024). Implementing these standards, however, poses
significant challenges in emerging economies, where high compliance costs, shortages of
qualified professionals, and low institutional maturity can hinder effective adoption (Goel,
2018; Orazalin & Mahmood, 2019).

In Brazil, the standards were incorporated through the Brazilian Sustainability
Disclosure Technical Standards (NBC TDS 1 and NBC TDS 2), issued by the Federal
Accounting Council in 2023, with optional early application from 2024 and mandatory
adoption from 2026 onwards (CFC, 2024; Sousa, Ferreira, & Mario, 2022). Yet,
implementation remains uneven across sectors and companies, revealing structural barriers
and cultural resistance (Bandeira, Ott, & Rover, 2022; Romeiro et al., 2021).

Proposition 1: Brazilian oil, gas, and biofuels companies that issue American Depositary
Receipts (ADRs) present more robust climate-related reports than those that do not.
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Proposition 2: The level of climate-related disclosure by Brazilian oil, gas, and biofuels
companies increased over the period from 2015 to 2024.2.3 Pilares da evidenciacdo dos
compromissos climaticos (IFRS S2).

Climate governance is identified in IFRS S2 as a core pillar for reliable climate-related
disclosure, requiring companies to explain how boards and executive committees oversee
climate risks and opportunities (IFRS, 2023). Beyond formal oversight, climate issues are
expected to be embedded in corporate strategy, capital allocation, and executive remuneration
(Wahyuni, 2025), thereby reducing greenwashing risks and strengthening accountability to
investors (Villiers et al., 2024).

In the oil, gas, and biofuels sector, these structures are particularly strategic, as firms
face strong reputational pressure and transition risks that call for clear and transparent
responses (Villiers et al., 2024). The alignment among governance, regulation, and strategy
supports credible decarbonization commitments in high-emission industries (Kelman, 2017),
and companies that link climate governance to public commitments, such as the Paris
Agreement, tend to provide more detailed and coherent disclosures (Liu & Wu, 2023).

In Brazil, many companies state that their boards oversee climate issues, but few
demonstrate how this oversight translates into concrete strategic decisions, and climate
governance is often presented in a merely formal way, without robust internal monitoring
mechanisms, even after the adoption of IFRS S1 and IFRS S2 (Eggert et al., 2023; Salgado,
Souza, & Sousa, 2025).

Another key element of IFRS S2 is the disclosure of public climate commitments,
including emission-reduction targets, adherence to initiatives such as the Science Based
Targets initiative (SBTi), net-zero pledges, and full offsetting of residual emissions (IFRS,
2023). However, targets that are not supported by adequate governance structures tend to have
limited practical effect (Wyk & Els, 2023), and, without clear long-term strategies and
verifiable indicators, these commitments risk remaining at the level of corporate rhetoric
rather than being translated into concrete action (O’Dwyer & Unerman, 2020).

Proposition 3: The IFRS S2 pillars related to climate governance and commitments,
and to transition strategy and reporting, are the most widely disclosed by companies in the
sector.

IFRS S2 also states that climate risks should be treated with the same level of
importance as other financial risks, and requires companies to describe how such risks are
identified, assessed, and managed (IFRS, 2023). The standard distinguishes between physical
risks, such as extreme weather events or long-term climatic changes, and transition risks,
linked to public policies, technological innovation, and market pressures associated with
decarbonization (Villiers et al., 2024; Wahyuni, 2025).

It further requires companies to perform climate-scenario analysis to assess their
resilience under different warming pathways, thereby anticipating the financial effects of
carbon-pricing policies or extreme events (Xhindole et al., 2025). In practice, many scenario
analyses remain generic and provide limited support for decision-making (Dahl & Flettum,
2019).

In Brazil, the integration of climate risks into risk management frameworks is still at an early
stage, even in high-impact sectors (Rossoni & Rossoni, 2023), and few companies explain
how these risks affect revenues and assets, which reduces the usefulness of disclosure for
investors and undermines comparability across firms (Eggert et al., 2023).
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Proposition 4: The IFRS S2 pillars related to climate risk and opportunity
management and to metrics, emissions, and targets are the least disclosed in the climate-
related reports of Brazilian oil, gas, and biofuels companies.

IFRS S2 requires companies to report quantitative metrics that reflect their exposure to
climate risks, including greenhouse gas emissions and decarbonization targets (IFRS, 2023).
This requirement is intended to ensure that climate strategies can be monitored, evaluated, and
compared across companies and sectors (Wahyuni, 2025), addressing one of the main
weaknesses of purely voluntary disclosure: the absence of consistent metrics (Villiers et al.,
2024).

The standard calls for disclosure of Scope 1, Scope 2, and Scope 3 emissions, as

defined by the Greenhouse Gas Protocol: direct emissions (Scope 1), indirect emissions from
energy consumption (Scope 2), and value-chain emissions (Scope 3) (IFRS, 2023). Scope 3 is
the most difficult to measure but is often the most material in sectors such as oil and gas,
where end-use emissions are substantial (Farooq et al., 2021). Many companies avoid
reporting Scope 3 emissions due to methodological complexity and the magnitude of the
figures involved (Charnock & Hoskin, 2020).
In the oil, gas, and biofuels sector, large companies often publish emission inventories, but
critical data are frequently omitted or presented in ways that hinder comparison (Liu & Wu,
2023). Differences in calculation methods and reporting periods further limit the reliability of
metrics (Fazzi et al.,, 2020). In Brazil, programs such as RenovaBio, which promote
carbon-intensity indicators per litre of biofuel, have created incentives for more robust
metrics, but their use remains largely confined to the biofuels segment (Romeiro et al., 2021).

Proposition 5: The measurement and disclosure of Scope 3 emissions remain limited in the
sector.

IFRS S2 also requires companies to disclose their climate transition strategies,
detailing how they plan to reduce emissions and adapt operations to a low-carbon economy,
including long-term targets, operational plans, technologies, timelines, and progress indicators
(IFRS, 2023). The aim is to ensure that climate commitments are not merely aspirational but
are translated into structured, trackable actions integrated into corporate strategic planning
(Wahyuni, 2025). The obligation to link climate strategy with metrics, targets, and
governance structures helps to build investor confidence and reduces the risk of internal
inconsistencies (Edge, 2022). Companies that connect their transition strategies to financial
decisions tend to be better positioned to attract sustainable capital (Ongsakul et al., 2024).

Nevertheless, it is common to find ambitious climate targets coexisting with
investment plans that contradict the transition narrative, such as the expansion of fossil-fuel
production. Developed countries generally have greater technical and financial capacity to
access climate finance and influence projects, while developing countries often depend on
external conditions and economic incentives (Buchholz & Riibbelke, 2021). Empirical
evidence suggests that the adoption of IFRS S1 and IFRS S2 has not yet ensured the level of
long-term planning detail expected by the standards (Salgado et al., 2025).

3 METHODOLOGICAL PROCEDURES

This study adopts a qualitative, descriptive, and documentary approach, using content
analysis of corporate documents, including sustainability reports, integrated reports, and
financial statements. The sample comprises 18 companies in the oil, gas, and biofuels sector
listed on the Brazilian stock exchange B3 as of June 2025, of which six operate in the
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equipment and services segment and twelve in the exploration, refining, and distribution
segment, as shown in Table 1, covering the period from 2015 to 2024.

Table 1 — Qil, gas, and biofuels companies listed on B3

Sector Segment Ticker Company
LUPA | Lupatech S.A.

NTSD | Nova Transportadora do Sudeste S/A — NTS
OCEA | Oceénica Engenharia e Consultoria S.A.

Equipment and services - —
OPCT | Oceanpact Servigos Maritimos S.A.

ORIG | Origem Energia S.A.
OSXB | Osx Brasil S.A.
AZTE | Azevedo & Travassos Energia S.A.
BRAV | Brava Energia S.A.
0Oil, gas and CSAN | Cosan S.A.

biofuels PETR | Petrleo Brasileiro S.A. PETROBRAS
RECV | Petroreconcavo S.A.
Exploration, refining and | PFOR | Prio Forte S.A.

distribution PRIO | Prio S.A.

RAIZ | Raizen S.A.

RIPI | Refinaria de Petroleo Riograndense S.A.
RPMG | Refinaria de Petroleos Manguinhos S.A.

UGPA | Ultrapar Participagdes S.A.

VBBR | Vibra Energia S.A.
Source: Authors’ elaboration based on data from B3 — Brasil, Bolsa, Balcdo (2025).

For the temporal analysis, the period from 2015 to 2024 was divided into three distinct
phases (Table 2), reflecting the regulatory evolution of climate-related disclosure. The first
phase, from 2015 to 2016, is classified as the non-mandatory period, marked by the Paris
Agreement as an initial institutional milestone and the absence of formal disclosure
requirements. The second phase, from 2017 to 2023, is classified as the transition period,
following the publication of the TCFD recommendations in 2017 and the gradual adoption of
its guidelines, which ultimately led to the issuance of IFRS S1 and IFRS S2. The year 2024 is
classified as the early-adoption period, as Brazilian companies could voluntarily apply the
new standards for the 2024 and 2025 reporting years.

Table 2 - Periods of analysis

Period Years Description
Non-mandatory 2015-2016 Absence of formal disclosure requirements.
Transition 2017-2023 Publication of the TCFD and IFRS S1 and IFRS S2.
Early-adoption period 2024 Voluntary early adoption of IFRS S1 and IFRS S2 in Brazil.

Source: Authors’ elaboration based on regulatory milestones (2025).

The qualitative approach was chosen because it allows the phenomenon to be
understood in its context and specific characteristics, in line with Minayo (2001), who argues
that values and interpretations cannot be reduced to numerical data. The descriptive nature of
the study allows observation of the main features of the object under analysis without seeking
causal relationships.
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The research metrics are organized into four dimensions: (i) Climate Governance and
Commitments; (i1) Climate Risk and Opportunity Management; (iii) Metrics, Emissions, and
Targets; and (iv) Transition Strategy and Reporting, which are further broken down into 12
sub-items, as presented in Table 3. These metrics are based on IFRS S2 and on the approach
proposed by Rover (2013), who developed an environmental and social disclosure index by
reviewing more than 20 national and international studies, resulting in 80 sub-items, 40 social

and 40 environmental.

Table 3 - Climate disclosure metric

Category

Subcategory

1. Climate Governance and Commitments

1.1 Formal governance over climate-related matters

1.2 Public statements of climate-related commitments

1.3 Inclusion of climate criteria in executive remuneration

2.1 Identification of physical and transition climate risks

2. Climate Risk and Opportunity Management

2.2 Climate-scenario analysis (TCFD/ISSB)

2.3 Identification of climate-related opportunities

3. Metrics, Emissions and Targets

3.1 Disclosure of emissions (Scopes 1, 2, and 3)

3.2 Time-bound emission-reduction targets

3.3 Carbon-intensity indicators

4. Transition Strategy and Reporting

4.1 Strategic planning for energy transition

4.2 Alignment with international guidelines (TCFD, IFRS S1 and S2,
CDP)

4.3 External assurance or audit of climate-related reporting

Source: Authors’ elaboration based on IFRS S2 (2023).

In Table 4, the subcategories are described and illustrated with examples of how they
may appear in corporate reports. This description guides the analysis by providing the level of

detail needed to apply the metric.

Table 4 Description of subcategories

Subcategory

Description

1.1 Formal governance over climate
change

Existence of a committee, board unit, or dedicated structure for the
climate agenda.

1.2 Public climate-target commitments

E.g., net-zero pledges, absolute GHG-reduction targets, adherence
to the Paris Agreement, SBTi.

1.3 Climate criteria in executive pay

Climate indicators are linked to bonuses or to senior management
strategic targets.

2.1 Identification of physical and
transition risks

The company reports specific risks related to extreme weather
events and the energy transition.

2.2 Climate-scenario analysis
(TCFD/ISSB)

Assessment of impacts under different scenarios (e.g., +1.5°C or
+2°C).

2.3 Identification of climate opportunities

References to new businesses such as biofuels, CCS, hydrogen,
and related solutions.

3.1 Disclosure of emissions (Scopes 1, 2,

Consolidated and verified inventories in line with the GHG

3) Protocol.
3.2 Time-bound emission-reduction E.g., 20% reduction in emissions by 2030.
targets

3.3 Carbon-intensity indicators

Emissions per barrel equivalent, per unit of revenue, or per
production asset.

4.1 Strategic planning for energy
transition

Decarbonization roadmap, investments in renewable energy, or
new low-carbon technologies.

4.2 Alignment with international
guidelines (TCFD, IFRS S2, CDP)

Explicit statement of compliance.
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4.3 External assurance of climate Limited or reasonable assurance over climate-related information.
reporting
Source: Authors’ elaboration based on sustainability reports from oil and gas companies (2025).

To identify climate-related disclosure practices in the reports, a set of keywords
associated with the twelve subcategories (Table 5) was used. These keywords were applied to
sustainability reports, integrated reports, and financial statements to locate sections related to
each category. This procedure standardizes the search process and increases the reliability of
the findings. It is important to note that the absence of a given keyword does not necessarily
indicate the absence of the underlying practice, but rather the lack of explicit disclosure.

Table 5 - Keywords for each subcategory

Category | Subcategory Keywords
“climate governance”’; “sustainability committee”; “‘climate committee”; “responsibility
1.1 for climate issues”; “sustainability department”; “environment”.
“net-zero”; “climate commitment”; “carbon neutrality”’; “SBTi”; “greenhouse gas
1 1.2 reduction”; “emission reduction”; “‘sustainable energy”’; “‘carbon footprint”.
1 “variable remuneration’’; “sustainability-linked bonus™; “climate performance indicators”;
1 1.3 “climate KPIs”; “sustainability targets in remuneration”.
“transition risks”; “climate risks”; “impacts of climate change”; “physical risks”; “extreme
2.1 events”; “climate events”.
“scenario analysis”; “climate stress test”; “1.5°C scenario”; “2°C scenario”; “climate
2 22 modelling”.
2 “climate opportunities”; “‘energy transition”; “energy efficiency”; “renewable energy’’;
2 2.3 “low-carbon innovation”; “sustainable”.
3.1 “Scope 17; “Scope 2”; “Scope 3”; “‘emissions inventory”; “greenhouse gas emissions”.
“emission target”; “‘emission reduction”; “emissions trajectory”’; “reduction projections”;
3 32 “climate indicators”.
3 “carbon intensity”; “emissions per barrel”; “emissions per revenue”; “‘emissions per unit
3 33 produced”’; ““‘carbon footprint”.
4.1 “energy transition”; “climate strategy”’; “decarbonisation”; “low-carbon investments”.
4 “CDP”; “TCFD”; “IFRS S2”; “NBC TDS 2”; “compliance with climate standards”;
4 42 “GRI”.
4 43 “emissions audit”; “independent audit”; “external assurance”.

Source: Authors’ elaboration based on sustainability reports from oil and gas companies (2025).

Inspired by the approach developed by Rover (2013) and the implementation guide
proposed by Gordiano et al. (2023), with support from the Brazilian National Association of
Graduate Programs in Accounting (ANPCONT), this study adopts a scoring system in which
each subcategory is assessed on an ordinal scale from 0 to 2 (Table 6), with a maximum of 6
points per category. This scale measures the level of disclosure, rather than environmental
performance.

Table 6 - Description of the ordinal scoring scale
Score Criterion

0 No disclosure.

1 Partial disclosure, not aligned with recognized standards or without defined timelines, targets, and
responsibilities.

2 Full disclosure, aligned with recognized standards and specifying timelines, targets, and
responsibilities.

Source: Rover (2013); Gordiano et al. (2023).

The information matrix proposed by Gordiano et al. (2023) was adapted for this study
to record, for each organization, the subcategory, the corresponding ordinal score, a
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description of the disclosed practice and the related normative reference (Table 7). This
structure increases the rigor of the analysis and strengthens both the verifiability and the
comparability of disclosure practices across companies and over time.

Table 7 - Information matrix

Subcategory: ‘ 0 ‘ 1 | 2 ‘ Description of the practice adopted:

Description of the subcategory:
Source: Gordiano et al. (2023).

At the end of each annual assessment, companies can obtain a maximum score of 24
points, which is then used to classify their level of climate-related disclosure as low,
moderate, or high, as shown in Table 8.

Table 8 - Classification of climate-disclosure levels

Score range Classification General description

0-8 points Low The company provides minimal or generic information on climate
issues, without quantitative data, targets, standards, or a verifiable
structure.

9-16 points Moderate Disclosure covers a relevant portion of the criteria with specific

information, but either lacks full adherence to international
standards or provides insufficient detail.

17-24 points High The company provides comprehensive information, with
comparable data, defined targets, robust indicators, and alignment
with TCFD, GRI, or IFRS S1 and S2 guidelines.

Source: Adapted from Rover (2013).

During data collection, some adjustments were made to ensure the reliability of the
analysed information. Until 2018, Vibra Energia belonged to the Petrobras group and its
reports were incorporated into those of the parent company; therefore, only publications
issued after its corporate spin-off were included in the sample.

A similar situation was observed for other firms. Although Raizen is a joint venture
between Cosan and Shell, it publishes its own reports and was thus treated as an independent
entity, with references to Raizen in Cosan’s reports being disregarded. Prio Forte, formerly
Dommo Energia, disclosed information separately from Prio until 2021, so its data were
treated as separate until that year.

In some years of the period under analysis, it was not possible to locate documents for
all companies in the sample, either because materials were unavailable on corporate channels
or because certain firms were not yet listed on the Brazilian capital market. In such cases,
years without publications or accessible documents were excluded from the analysis, and no
scores were assigned to those firms for those periods.

The study has limitations inherent to its methodological approach. Despite the use of
objective criteria and rigorous procedures, the analysis involves a degree of interpretive
subjectivity, especially in the qualitative assessment of documentary information. In addition,
the scoring scale, although inspired by Rover (2013), represents a methodological adaptation
that has not yet been empirically validated in the specific context of climate-related
disclosure, which may restrict comparability with other studies, with the recently issued IFRS
S1 and IFRS S2, and with NBC TDS 1 and NBC TDS 2, which are still in the early stages of
adoption and may reflect different levels of informational maturity among the companies
analysed.
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4. DATA ANALYSIS

A total of 136 documents were collected for the period from 2015 to 2024, including
sustainability reports, integrated reports, and financial statements, which together form the
empirical basis of this study. In the initial years, 2015 and 2016, only documents for nine
companies were found. In 2017, the number of firms with available publications dropped to
seven, but increased again in 2018, when documents were identified for ten companies. In
2019, document availability expanded to 16 companies, and from 2020 onwards, documents
were obtained for 17 firms in all subsequent years. This growth in the volume of reports may
be associated with the strengthening of corporate communication structures. All documents
were accessed through the companies’ institutional websites.

In the non-mandatory period, four of the nine companies analysed scored zero in at
least one year. Among these, only CSAN published a sustainability report in 2016, while the
others disclosed only financial statements, which helps to explain the absence of relevant
information for the metric used. This scarcity of information suggests that disclosure practices
were still poorly structured and not yet consolidated. In addition, only two companies, PETR
and RAIZ, obtained external assurance for their sustainability reports, indicating a low level
of adoption of independent verification. PETR stood out by achieving the highest scores in
both years, indicating more complete and better-organized disclosures.

When the categories are examined, the highest concentration of information appears
under Transition Strategy and Reporting. References to alignment with international
guidelines were found in four companies in 2015 and in five in 2016. By contrast, the Climate
Risk and Opportunity Management category showed the lowest level of disclosure. Notably,
climate-scenario analysis was not identified in any of the reports during the non-mandatory
period.

During the transition period, companies in the sample made clear progress in
publishing sustainability reports, which can be interpreted as a response to increasing
institutional and market pressures for greater climate transparency, particularly after the
release of the TCFD recommendations. In total, twelve firms adopted sustainability reporting,
three of them in the Equipment and Services segment, suggesting that companies not directly
involved in oil production also began incorporating sustainability-oriented reporting into their
corporate communications. In the Exploration, Refining and Distribution segment, however,
some firms maintained a more limited level of disclosure: AZTE, RIPI, and RPMG did not
publish sustainability reports in the period analysed, restricting their communication to
financial statements.

Comparing the transition period with the non-mandatory phase, there is an evident
improvement, especially in the Transition Strategy and Reporting dimension. This
development was driven mainly by the growing number of companies that began obtaining
external assurance for their sustainability reports.

Table 9 - Scores in the “Transition Strategy and Reporting” category

Adoption Non-mandatory Transition EaLiaacbption
period

Company 2015 2016 |2017 (2018 | 2019 |2020|2021 | 2022 | 2023 2024
LUPA 0 0 0 0 0 0 0 0 0 0
NTSD 0 0 2 2 4 3 4 6
OCEA 0 0 0 2 2 4
OPCT 0 0 0 6 6 5
ORIG 2 0 0
OSXB 0 0 0 0 0 0 0
AZTE 2 2 0 0 0 0 0
BRAV 0 2 2 2 2 3
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CSAN 0 4 3 4 2 5 6 6 6 6
PETR 6 6 6 6 6 6 6 6 6 6
RECV 0 4 4 2 2
PFOR 3 3 3 0 0 0 0
PRIO 1 0 0 0 0 0 5 5 5
RAIZ 4 4 6 6 6 5 6 6 6 6
RIPI 0 0 0 0 0 0 0 0 0 0
RPMG 0 0 0 0 0 0
UGPA 0 3 3 2 0 4 6 4 6 6
VBBR 6 6 6 6 6 6

Source: Authors’ elaboration based on research data (2025).

Unlike in the non-mandatory period, when climate-scenario analysis within the
Climate Risk and Opportunity Management category was entirely absent, this topic began to
appear in disclosures from 2020 onwards, indicating a gradual move towards assessing
climate impacts. However, this increase is not necessarily linked to greater depth or quality of
the information reported.

In 2024, classified as the early-adoption period, climate-related disclosure among the
companies remained heterogeneous: as shown in Figure 4, some firms achieved high scores,
while others either scored zero or reported only low values, suggesting that, for part of the
sample, disclosure reflects a formal compliance exercise rather than a substantive integration
of climate-risk management and reporting practices.

When the categories are examined, Climate Governance and Commitments stands out
as the most frequently reported dimension, addressed by 12 of the 17 companies in that year
(Table 10), which indicates a tendency to prioritize formal governance structures and
institutional positioning on climate issues, possibly because information on policies,
committees and declaratory commitments is easier to disclose than detailed metrics or risk
analyses.

Table 10 - Scores in the Climate Governance and Commitments category.

Adoption Non-mandatory Transition Early-adoption
period
Company | 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
LUPA 1 1 1 1 1 1 1 0 0 0
NTSD 0 0 2 2 3 5 6 6
OCEA 0 0 0 1 3 5
OPCT 0 0 4 4 4 5
ORIG 1 0 0
OSXB 0 0 0 0 0 0
AZTE 1 1 0 0 0 0 0
BRAV 0 2 2 5 5 4
CSAN 0 1 2 3 5 5 6 6 6 6
PETR 4 6 6 6 5 6 6 6 6 6
RECV 0 1 2 3 4
PFOR 1 1 1 0 0 0 0
PRIO 0 0 0 0 0 0 6 6 5
RAIZ 3 0 4 4 4 6 6 6 6
RIPI 0 0 1 2 2 1 1 1 1 1
RPMG 1 0 0 0 0 0
UGPA 2 4 2 2 3 2 4 6 6 6
VBBR 4 6 5 6 6 6

Source: Authors’ elaboration based on research data (2025).

The Metrics, Emissions and Targets category showed growth over the entire period,
particularly in the reporting of greenhouse gas (GHG) emissions and carbon-intensity
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indicators. However, despite this progress, setting time-bound emission-reduction targets
remains a challenge for many companies.

In the non-mandatory period, only one company disclosed such targets; this number
rose to six in 2023, during the transition phase, but fell back to five in the early-adoption
period. This pattern suggests that, although emission measurement has become more
widespread, the definition of quantitative reduction commitments is still limited for part of the
sample.

Overall, the analysis of the three phases points to an uneven evolution (Table 11): in
the non-mandatory period, disclosures were scarce and weakly structured; in the transition
period, adoption expanded, but information was often partial; and, in the early-adoption
period, despite some advances, climate-disclosure practices were still far from homogeneous
across companies.

Table 11 — Overall company scores (2015-2024)

Adoptmn Non-mandatory Transition Early-adoption
period
Company | 2015 2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 2024

LUPA 1 1 1 1 1 1 1 0 0 0
NTSD 0 0 9 9 8 12 16 18
OCEA 0 0 0 3 5 15
OPCT 0 0 5 18 18 18
ORIG 5 0 0
OSXB 0 0 0 0 0 0 0
AZTE 3 3 0 0 0 0 0
BRAV 4 10 11 15
CSAN 0 7 6 12 12 17 20 23 24 22
PETR 19 17 18 20 21 21 22 24 24 24
RECV 0 8 9 8 9
PFOR 7 7 7 0 0 0 0

PRIO 1 0 0 0 0 0 14 19 20
RAIZ 13 11 16 18 18 18 24 24 22 20

RIPI 0 0 1 2 2 1 1 1 1 1

RPMG 1 0 0 0 0
UGPA 3 11 9 7 3 15 18 18 18 18
VBBR 18 19 21 22 22 24

Source: Authors’ elaboration based on research data (2025).

Given these results, Table 12 presents the classification of reports by level of climate-
related disclosure. It shows that, up to 2016, before the publication of the TCFD
recommendations, most companies fell into the low-disclosure category. From 2017 onwards,
there has been a gradual upward shift in disclosure levels, suggesting that the TCFD served as
an important reference for reporting practices.

However, even amid growing regulatory pressure and the early adoption of IFRS S1
and IFRS S2, climate-related disclosure did not become uniform across companies during the
period analysed. The evidence indicates that although there has been progress, this evolution
has been uneven, placing the overall level of climate disclosure in the Brazilian oil, gas, and
biofuels sector in the low-to-moderate range.

Table 12 — Classification of climate-disclosure levels (2015-2024)

Adoption | Non-mandator Transition Early-a
period y doption

Company | 2015 | 2016 | 2017 | 2018 2019 2020 2021 2022 2023 2024
LUPA Low Low Low Low Low Low Low Low Low Low
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NTSD Low Low Modera Modera | Modera
do Moderado Low do do Alto
Low Low Low Low Low | Moderat
OCEA R
OPCT Low Low Low High High High
ORIG Low Low Low
0OSXB Low Low Low Low Low Low Low
AZTE Low Low Low Low Low Low Low
BRAV Low Low Low Moilerat Moierat Moierat
CSAN Low | Low | Low | Moder | Moderat High High High High High
ate e
PETR High | High | High | High High High High High High High
RECV Low Low Moderat Moderat
e Low e
PFOR Low Low Low Low Low Low Low
PRIO Low | Low Low Low Low Low Moilerat High High
RAIZ Moder | Moder | Moder | High High High High High High High
ate ate ate
RIPI Low Low Low Low Low Low Low Low Low Low
RPMG Low Low Low Low Low Low
Moder | Moder | Low Low High High High High
UGPA
Low ate ate Moderate
VBBR High High High High High High

Source: Authors’ elaboration based on research data (2025).

The analysis shows that Brazilian oil, gas, and biofuels companies that issue ADRs,
PETR, CSAN, and UGPA, display higher levels of climate-related disclosure, while Raizen,
although it does not have its own ADR program, also reaches a high level, likely due to its
ownership and governance structure.

These firms are more closely aligned with international climate disclosure frameworks
and provide more comprehensive information across the four IFRS S2 pillars, in addition to
submitting their reports more frequently to external assurance, which helps enhance the
credibility of the reported data. In contrast, non-ADR issuers generally remain at low or
moderate disclosure levels, with a focus on declaratory aspects and limited use of quantitative
metrics.

These findings support Stakeholder Theory, as exposure to international investors and
more tightly regulated markets increases demands for transparency and comparability, and
they are also consistent with Institutional Theory, which emphasizes normative and coercive
pressures arising from global reporting standards. In this sense, ADR issuance is associated
with more robust, higher-level climate disclosure, fully confirming the corresponding
proposition.

Over the period 2015-2021, most observations fall into the low-disclosure category;
by the end of the transition phase (2022—2023), the number of low-level cases decreases, and
moderate-level disclosure becomes more frequent, although with year-to-year variation. In the
early adoption period, moderate and high levels become more common, but low levels persist,
indicating that the proposition of a rising trend in disclosure is only partially confirmed.

The Climate Governance and Commitments pillar consistently emerges as the most
disclosed dimension, followed in most years by Transition Strategy and Reporting, which
suggests that firms are trying to align governance structures and strategic direction with
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climate issues in a sector heavily exposed to transition risk; this pattern fully confirms the
proposition related to these pillars.

By contrast, Climate Risk and Opportunity Management and Metrics, Emissions and
Targets are the least reported pillars over the period, especially the former, indicating
persistent difficulties in describing risk identification, assessment, and management processes.
Although the metrics-related pillar grows over time and sometimes reaches similar levels to
other pillars, it remains less developed than governance and strategy-related disclosures,
reflecting the technical and operational complexity of measuring Scope 3 emissions and
setting time-bound reduction targets; the evidence thus supports the proposition about these
dimensions.

From 2015 to 2021, most companies either do not disclose emissions or restrict
disclosure to Scope 1 and Scope 2 emissions, and the systematic absence of Scope 3
emissions can be linked to challenges in measuring use-phase emissions and reliance on third-
party data. The more recent increase in Scope 1, 2, and 3 reporting appears to be a response to
regulatory and standard-setting pressures, particularly the release of IFRS S1 and IFRS S2,
but the fact that some firms still do not disclose emissions shows that compliance is uneven
and not yet embedded in consistent measurement and reporting practices. Even though there
is clear progress in emissions disclosure over time, Scope 3 remains a critical gap in climate-
related reporting in the sector, which corroborates the final proposition.

5. CONCLUSION

This study set out to analyse the level of climate-related disclosure by Brazilian oil,
gas, and biofuels companies between 2015 and 2024, covering the non-mandatory phase, the
regulatory transition, and the early-adoption period of IFRS S1 and IFRS S2. The results
show that climate disclosure in the sector has evolved over time, but unevenly across firms. In
the non-mandatory period (2015-2016), most companies exhibited weak, unstructured
disclosure, with no climate-scenario analysis and little use of external assurance, reflecting a
permissive regulatory environment in which reporting was largely voluntary.

During the transition period (2017-2023), disclosure levels improved, supported by
the release of the TCFD recommendations, as more firms issued sustainability reports and
disclosure scores increased, particularly in the Climate Scenario Analysis subcategory under
the Climate Risk and Opportunity Management pillar.

In the early-adoption period (2024), some companies reached high levels of disclosure
and aligned more closely with the IFRS S2 pillars, while others remained at low or moderate
levels and rarely disclosed time-bound GHG-reduction targets. This suggests that early
adoption of IFRS S1 and IFRS S2 did not automatically translate into substantive
climate-disclosure practices, and that, for some firms, reporting still reflects a formal
compliance exercise.

The assessment of the research propositions reinforces these findings. The proposition
that ADR-issuing companies exhibit higher levels of climate disclosure was confirmed,
indicating that exposure to international markets is associated with more robust and more
frequently assured reporting, in line with the pressures highlighted by Stakeholder Theory and
Institutional Theory.

The proposition on the temporal evolution of disclosure was only partially confirmed:
although disclosure increased over the period, the trend was neither linear nor uniform.
Governance-related pillars, Climate Governance and Commitments, and Transition Strategy
and Reporting, were the most frequently disclosed, indicating a prioritisation of formal
structures and strategic positioning. By contrast, the pillars Climate Risk and Opportunity
Management and Metrics, Emissions and Targets, especially regarding Scope 3 emissions and
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scenario analysis, remained underreported, confirming the limitations identified in the
empirical analysis.

Overall, the study shows that, despite progress in climate disclosure by Brazilian oil,
gas, and biofuels companies between 2015 and 2024, significant challenges remain
concerning the quality and depth of reported information. The concentration of disclosures in
governance, commitments, and transition strategy, contrasted with limited metrics and weak
integration of climate risks, suggests that the sector’s overall disclosure level still lies in a
low-to-moderate range. Future research could explore the relationship between climate-
related disclosure and the economic-and financial performance of firms in this sector, as well
as conduct comparative studies across industries to identify differences in the adoption of
IFRS S1 and IFRS S2.
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