Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

A Comprehensive Management Strategy: Reevaluating Methane Emission
Regulations via Integrated Management Systems

Eduardo G. Pereira
Universidade de Sao Paulo
Alberto Fossa
Universidade de Sao Paulo
Alexandre Gallo
Universidade de Sao Paulo
Edmilson Moutinho
Universidade de Sao Paulo
Felipe Villasuso Lago

lagof@lsbu, ac.uk

London South Bank University

Hooman Haghighi
John Wood Group (United Kingdom)

Thomas Muinzer
University of Aberdeen

Research Article

Keywords: Methane emissions, ISO, management systems, sustainability, and climate governance

Posted Date: September 8th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-9985004/v1

License: @ ® This work is licensed under a Creative Commons Attribution 4.0 International License. Read Full License

Additional Declarations: No competing interests reported.

Page 1/19


https://doi.org/10.21203/rs.3.rs-9985004/v1
https://doi.org/10.21203/rs.3.rs-9985004/v1
https://doi.org/10.21203/rs.3.rs-9985004/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

One of the most urgent yet poorly controlled causes of climate change is methane, a greenhouse gas with a significantly greater potential to cause global
warming than carbon dioxide. Despite their crucial role in hastening global warming, organizational solutions in the oil, gas, and associated industries are still
dispersed and frequently limited to technical fixes and policy compliance. Such strategies ignore the structural and cultural changes necessary for long-term
emission reductions. In this research, the idea of a specialized Methane Management System (MMS) is presented, based on the integrated and iterative logic
of ISO 14001 (environmental management systems) and ISO 50001 (energy management systems). Using qualitative methods design, this research
explores how management systems might be modified to incorporate methane mitigation into everyday operations and corporate governance.

The suggested MMS structure, which goes beyond production wells to cover the entire value chain, emphasizes senior leadership, cross-departmental
integration, and value chain oversight of methane sources. The results show that companies using integrated approaches obtain quantifiable methane
emission reductions, as well as increased operational effectiveness, better risk management, increased stakeholder confidence, and long-term resilience.
The MMS offers a revolutionary strategy to integrate sustainability into company practices and further global climate goals by institutionalizing
accountability and continuous improvement.

1. Introduction

Carbon dioxide has long been the focus of public discussion on climate change, pushing methane to the periphery.m However, its impact on global warming
is much more severe. One of the most powerful greenhouse gases disrupting climate systems is methane, which traps more heat than carbon dioxide over
shorter time spans. Its shorter atmospheric duration, however, balances this potency, allowing for quick climatic benefits from successful interventions.
Despite this, industry-wide methane emission control remains inconsistent, dispersed, and frequently limited to compliance activities rather than long-term,
systematic solutions.

The most well-known sources of methane are waste management, livestock agriculture, and the oil and gas industry.m These businesses contribute in
different ways, such as through the decomposition of organic waste in landfills, enteric fermentation in cattle, and fugitive emissions from pipelines and
wells. These regions are frequently identified as the main perpetrators in global emission inventories. Leaks and flaring are nevertheless common, especially
in the oil and gas sector, where reporting and monitoring procedures differ greatly between companies and jurisdictions.m The continued existence of these
pollutants highlights a significant disconnect between corporate will and technical competence.

There are significant ecological stakes. The warming potential of methane intensifies climatic feedback loops, increasing the likelihood of abrupt system
shifts, accelerating glacier melt, and worsening weather extremes.” These environmental hazards have far-reaching economic repercussions that extend
beyond fines or compliance expenses.[sl Businesses that ignore methane risk face increased investor scrutiny, increased regulatory pressure, and
reputational damage in markets that are becoming increasingly concerned with sustainability. At the operational level, methane leaks signify wasted

resources and inefficiency, eroding profitability while simultaneously harming the environment. * Therefore, what emerges is a wider test of organizational
resilience and strategic foresight rather than a specific environmental obstacle.

This gap in sustained methane control remains a challenge for the global policy community as it sharpens its focus on the issue. International commitments,
such as the Global Methane Pledge (GMP) signed by over 150 countries to cut methane emissions by 30% by 2030, signal rising regulatory expectations for
drastic emission reductions. Likewise, multilateral frameworks under the Paris Agreement urge nations to include methane in their climate targets. In other
words, industries must rapidly move beyond minimal compliance to meet ambitious standards emerging worldwide. This international momentum further

underscores the need for a more systematic and integrated approach for methane mitigation, as proposed in this research”.

Conventional methods of controlling methane have mostly relied on laws that specify technical specifications or documentation needs.” Even while these
steps are essential, they frequently fall short of implementing the organizational and cultural shifts needed for sustained success. Instead of encouraging
innovation, compliance-driven approaches often establish minimal criteria, which results in an atmosphere where businesses concentrate only on "checking
the box" rather than integrating sustainability into the very fabric of their operations. Methane reduction is still a technical chore rather than a shared duty if
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there are no procedures in place to involve frontline staff, middle management, and senior leadership.

Management systems provide an alternative route to fill this gap. Management systems are designed to offer organized methods for performance
evaluation, accountability, and ongoing development. Standards, such as ISO 50001 for energy management[ml and 150 14001"" for environmental
management, show how formal systems may inspire entire organizations to focus on sustainability goals. They change the focus of the discussion from
compliance to integration, where environmental objectives are integrated into corporate governance, daily operations, and decision-making procedures.
Through this lens, methane reduction is seen as a shared obligation backed by systemic structures rather than an isolated task.

While this research acknowledges the broader utility of integrated management systems (IMS), it purposefully narrows its focus to the development of a
specialized methane management system (MMS). The MMS is not proposed as a generic management tool but as a technical framework derived specifically
from the high-level structures of ISO 14001 (Environmental) and ISO 50001 (Energy). By extracting the technical planning requirements of energy
management and applying them to methane emissions, this research provides a pragmatic mechanism for mitigation that goes beyond general
organizational integration.

Investigating how these ideas might be applied to methane is the aim of this research. The goal is to create a novel approach that transforms emission
control into an integrated management system-guided procedure. This framework's scope encompasses the entire value chain, from extraction and
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processing to transportation, storage, and end-use, rather than just producing wells or technological interventions. This paper makes the case for a more
thorough and long-lasting approach by suggesting an MMS that is adapted to the specifics of methane emissions while drawing inspiration from current
standards."” To demonstrate how businesses can go beyond compliance and create enduring systems of accountability, efficiency, and sustainability, the
following sections will draw on case examples, industry expertise, and theoretical insights.

2. Methodology

This research employs qualitative meta-synthesis and secondary data analysis methodology. It does not involve new field experiments or multi-departmental
interventions. Instead, it systematically assesses and triangulates published case studies, industry performance reports (including OGMP 2.0 and UNECE
disclosures), and peer-reviewed research on organizations that have implemented ISO 14001 and ISO 50001. This approach allows for the distillation of
lessons learned from real-world implementations to build a theoretically sound and pragmatically grounded MMS model.

A key component of this methodology is the decision to place organizational activities in their context. Although emissions occur in technical environments,
such as compressors, pipelines, and wells, organizational frameworks influence how they are managed. The degree to which technical solutions are
implemented successfully is influenced by policies, leadership choices, resource allocation, and workforce involvement. While the involvement of various
departments and senior management is a qualitative organizational shift, it is a technical requirement under ISO 50001 Clause 5.1 (Leadership and
Commitment). This research argues that the qualitative 'culture of accountability' is the necessary delivery mechanism for the quantitative 'MRV data
integrity. Without the qualitative governance structure, the quantitative data collection remains fragmented and legally unverifiable. This research supports
the systems-based reasoning that underpins ISO standards by examining methane emissions as both environmental outputs and the results of
organizational culture. It acknowledges that a management system is a dynamic framework that adapts to a company's internal dynamics as well as the
external demands of its operational environment.

Consequently, the systematic review of secondary data was organized around three distinct approaches. First, case studies from published organizational
reports offer a basis for understanding the documented implementation of integrated management systems. Based on the publicly available sustainability
and energy disclosures of 12 representative companies from the oil, gas, and energy industries, these case studies demonstrate both achievements and
weaknesses by enabling a detailed analysis of organizational structures, implementation tactics, and performance results.

Based on the mixed-methods approach outlined above, it should be clarified that this research does not contain new field experiments or multi-department
interventions. Instead, it systematically assesses and triangulates published case studies and quantitative industry performance reports (including OGMP
2.0 and UNECE disclosures). The quantitative basis for this research includes: (i) reported year-on-year methane intensity reductions; (ii) documented leak
detection and repair (LDAR) response times; and (iii) energy efficiency performance data. By analyzing these metrics alongside the reported organizational
structures of the certified organizations, the research distills a pragmatic blueprint for a specialized Mms.™

In addition, to these core secondary data sources, document analysis was conducted on relevant methane-related policies, standards, and reports. This step
ensured that insights into management systems could be benchmarked against prevailing regulatory requirements and the respective literature view. By
triangulating the primary data with policy documents, the research’s conclusions were grounded in a wider governance landscape.

Data analysis involved several stages. Thematic analysis and coding were applied to the qualitative data from the case studies. The first step in this
approach is the identification of recurrent concepts, difficulties, and behaviors. These were then categorized into more general groups that represented the
underlying dynamics of the organization. To create a framework that is both conceptually sound and supported by evidence, this research iteratively
switched between data and theory.

Subsequently, a comparative analysis was conducted among the firms under investigation. In addition to highlighting variations related to firm size, sectoral
position, or degree of managerial engagement, this phase allowed for the identification of similarities in effective methane management approaches.[ml By

evaluating the suitability of the emergent framework for use in a variety of organizational contexts, these comparisons assisted in its improvement.

Triangulation was used several times during the research to guarantee the validity and dependability of the results. While the involvement of various
departments and senior management is analyzed as a qualitative governance shift, this approach is mandated by the technical requirements of ISO 50001
Clause 5.1 (Leadership and Commitment). The research analyzes how the documented presence (or absence) of these technical leadership protocols
correlates with the quantitative emissions performance of the firms under investigation. Survey data were utilized to confirm more general tendencies
indicated by qualitative observations, and case research insights were cross-checked against the theoretical framework provided by the literature review.
Cross-verification increased the credibility of the conclusions and decreased the possibility of bias. Additionally, triangulation ensured that the suggested

) . ' ) . 18]
methane management strategy was based on consistent patterns found in a variety of evidence sources rather than on isolated occurrences.

While the qualitative dimension of this research captures organizational behavior and cultural dynamics, the quantitative component is grounded in
secondary data from industry reports, emissions disclosures, and survey results. These data sources provide measurable indicators of performance
outcomes, allowing the research to validate qualitative insights with empirical evidence and support the proposed MMS framework with documented
results”™"” The survey data referenced in this research were drawn from published industry assessments and methane disclosure reports, including datasets
from the QOil and Gas Methane Partnership (OGMP) and UNECE guidance documents. The case study sample included 12 firms across the oil, gas, and

energy sectors, selected based on their documented implementation of ISO 14001 or ISO 50001 frameworks and availability of emissions performance data.
1l
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To provide the quantitative justification for an integrated approach, this research draws on secondary performance metrics from twelve representative energy
firms. These metrics include: (i) year-on-year methane intensity reductions; (ii) leak detection and repair (LDAR) response times; and (iii) the correlation
between ISO 50001 certification and energy efficiency gains as reported in corporate sustainability disclosures. By analyzing these quantitative outcomes
alongside qualitative organizational behaviors, the research identifies the technical requirements necessary for an effective MRV protocol within the MMS
framework. It should be noted that references to the KPIs introduced in the theoretical section are intended to provide pragmatic grounding. However, these
are explicitly signposted as conceptual illustrations, with full operationalization and governance treatment deferred to section 5. This sequencing reflects the
MMS logic where metrics are derived from theory but implemented through management-system design.

To ensure methodological rigor and consistency, the research employs a structured analytical instrument, referred to as a Methane Management Analytical
Framework (MMAF). This researcher tool guides the systematic extraction and coding of data across sources by defining key research dimensions
(organizational, technical/MRYV, performance, and regulatory), their respective data sources, and the analytical objectives associated with each.

By applying this framework, heterogeneous data from case studies, regulatory reports, and corporate disclosures were analysed consistently, enabling
comparability and reducing subjectivity. Table 1 presents the operationalisation of this framework.

Table 1: Methodology Matrix and Data Sources

Research Dimension  Data Source (Secondary) Goal of Analysis

Organizational Academic Case Studies (ASQ, Stark)  Identify barriers to cross-departmental communication.
Technical/MRV UNECE & OGMP 2.0 Best Practices Extract specific methane quantification protocols.
Performance 12 Corporate Sustainability Reports ~ Validate the LDAR and efficiency gains of certified firms.
Regulatory EU/US Methane Regulations Ensure the MMS model meets emerging legal standards.

3. Review of Literature

Understanding how established management standards have been applied to instill accountability, sustainability, and efficiency principles within firms forms
the basis of this research. These standards include organizational ideologies that direct decision-making and cultural change, in addition to technical
frameworks. ISO 9001,[19] I1SO 14001,[20] and 1S0 50001”" are among the most important, each demonstrating a different but connected aspect of systemic
management. ISO 9001 places strong emphasis on quality control and the development of organizational accountability.m] This illustrates how a standard
can serve as the structural foundation for organizational dependability by mandating that businesses create written procedures, track performance, and
strive for continual improvement.m]

For the purposes of this research, 'Integration’ refers to the procedural alignment of methane-specific tasks within an organization's existing energy-planning
cycle. The MMS is defined as the technical core of this alignment, prioritizing emissions quantification and reduction over general administrative
management.

Across the literature, a consistent conclusion emerges: the effectiveness of management standards depends less on their formal adoption than on the depth
of their operational embedding. Numerous studies distinguish between symbolic implementation, where certification serves reputational or compliance
purposes, and substantive implementation, in which management systems reshape decision-making, incentives, and routine operational practices. Evidence
from ISO 14001 and ISO 50001 adoption demonstrates that environmental and emissions-related performance improvements materialize only when systems
are integrated across organizational levels and linked to executive accountability. This distinction is directly relevant for methane governance[24].

An MMS confined to documentation or disclosure risks reproducing the limitations of existing compliance-led frameworks, reinforcing the case for a
methane-specific management architecture that connects technical quantification to organisational responsibility and continuous improvement.

The literature also emphasizes that the primary barrier to successful management systems is rarely technical, but rather a lack of executive-level
commitment. Research into Malaysian manufacturing firms identifies that even affordable technical solutions remain unimplemented if there is a disconnect

between technical staff and senior Ieadership.m] As highlighted in recent sustainability research, leadership responsibility acts as the fundamental driver for

transforming environmental goals from aspirational values into 'way-of-life' daily briefing and reporting routines.”” This evidence reinforces the rationale for
the proposed MMS: it must function as a bridge that compels leadership to treat methane quantification with the same strategic priority as financial risk.

Moreover, a synthesis of the literature reveals that the effectiveness of management standards depends less on formal adoption than on the depth of their
operational embedding. Numerous studies distinguish between symbolic implementation, where certification serves reputational or compliance purposes,
and substantive implementation, in which management systems reshape decision-making, incentives, and daily operational routines. Evidence from ISO
14001 and ISO 50001 adoption shows that environmental performance improvements materialize only when systems are integrated across organizational
levels and aligned with executive accountability. This distinction is particularly relevant for methane governance: an MMS confined to documentation or
disclosure risks replicating the limitations observed in existing policy-driven approaches.

Accordingly, the literature supports the need for a methane-specific management architecture that links technical quantification directly to organizational
responsibility and continuous improvement, providing the foundation for the framework developed in the following sections.
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4. Theoretical Framework

The creation of a specialized MMS necessitates a thorough explanation of the theoretical underpinnings that support and influence the system, in addition to
a list of actionable activities. As seen above, methane emissions are caused by organizational decision-making, resource allocation, and value embedding
processes, in addition to technical issues, such as leaks, flaring, or inefficient equipment.m] A management strategy must therefore be grounded in theories
that explain how large, complex companies evolve and maintain their resilience in the face of changing market, regulatory, and environmental conditions if it
is to transition from band-aid solutions to long-term reductions.

This section lays out the theoretical foundations of this research. The literature on organizational transformation, which emphasizes the social and cultural
aspects of change, is first examined. Long-lasting change requires leadership commitment, clear purpose communication, and the gradual integration of new
norms into daily routines, as scholars from Lewin to Kotter have shown.” When these insights are applied to methane, they indicate that technical controls
alone cannot achieve significant reductions; instead, front-line operators, middle managers, and executives must all acknowledge methane as a strategic
issue and share accountability for its management.

Systems thinking is the second pillar of the framework. Systems theory interprets emissions as the result of linked technical processes, human behaviors,
and external linkages rather than discrete occurrences. From this perspective, a pipeline leak is not just the result of poor maintenance; it is also the result of
decisions made throughout the procurement process, incentive programs, and regulatory requirements that affect every step of the value chain. Therefore, by
highlighting feedback loops, cross-departmental connections, and the larger sociotechnical network in which a single organization operates, system thinking
enhances transformation theory.

The reasoning underpinning the MMS is derived from these viewpoints taken together. They clarify the need for methane management to be incorporated
into corporate governance, linked with risk management and strategic planning, and modified on a regular basis as laws and technology change. These
concepts are translated into a tangible design in the following subsections, which first provide a detailed description of the conceptual underpinnings, then
describe the MMS's structure, and finally examine integration principles and the real-world applications of systems thinking. This groundwork creates a
theoretical foundation for the rest of the research by shifting the conversation from descriptive and empirical to analytical.

To operationalize this analytical shift, the MMS is structured around the two thematic clusters identified as essential for long-term control. The first cluster
addresses the corporate integration aspect, focusing on the policy frameworks and governance structures required to promote methane reduction as a
strategic priority. The second cluster addresses the technical planning and control mechanisms—derived from the rigorous energy-planning requirements of
ISO 50001—which provide the pragmatic tools for baseline establishment, quantification, and continuous emissions monitoring. This dual-pillar structure
directly translates corporate ambition into verifiable technical performance.

4.1 Conceptual Foundations

The (MMS) framework proposed in this research is conceptually grounded in three interdependent pillars that bridge the gap between corporate will and
technical competence:

1. Organizational Transformation: which addresses the cultural and governance shifts required for corporate integration and policy leadership;
2. Systems Thinking: which frames emissions as outcomes of complex socio-technical networks, requiring ongoing cross-functional control; and
3. Technical Energy-Planning Logic: which provides the specific planning and monitoring mechanisms (derived from ISO 50001) necessary for

P . . ) . . .
quantification, baseline establishment, and the continuous improvement of emissions reduction.

These pillars ensure that methane management is not an isolated environmental project, but a technically integrated governance function.

The suggested MMS is intended to provide a framework for long-term organizational change rather than merely serving as a technological methodology for
leak detection and repair. Systems thinking and organizational transformation are two interconnected theoretical strands necessary to ground that
framework. Each offers a unique perspective on why methane reduction initiatives are successful or unsuccessful and, when combined, clarifies why a
management system needs to go beyond engineering to include governance, culture, and stakeholder interactions.

4.1.1 Organizational Transformation: From Technical Fix to Cultural Shift

The research of organizational transitions examines how intricate institutions change in reaction to both internal and external forces. A few recurring themes
in the literature, which range from early field studies of industrial transformation to more recent analyses of sustainability transitions, have a direct bearing on

[30]
methane management.

The three stages of Kurt Lewin's model, unfreezing, altering, and refreezing, remain a benchmark.”” According to Lewin, to bring about lasting change,
routines must be purposefully loosened, followed by the introduction of new behaviors and, lastly, stabilized within daily practice.m] This straightforward yet
effective design emphasizes a key point: organizational habits cannot be changed by technical instructions alone. Employees at all levels will lose their initial
enthusiasm and revert to old behavior unless they understand the importance of methane control and feel empowered to act.

John Kotter built on Lewin’s work by articulating an eight-step process that has become standard in management literature: creating a vision, communicating
that vision, empowering broad-based action, generating short-term wins, consolidating gains, anchoring new approaches in the culture, creating urgency, and
building a guiding coalition.”” Every step is directly related to lowering methane.”” For example, to have high-level leaders view methane as a strategic
priority rather than a minor compliance concern, "establishing urgency" necessitates converting atmospheric science and regulatory risk into tangible
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business language— lost goods, safety issues, and reputational damage. "Generating short-term wins" could entail early leak-detection campaigns that
create internal enthusiasm and demonstrate quantifiable savings. Long-term promises to reduce emissions may stagnate in the absence of such observable
outcomes.

Executive sponsorship is required but insufficient, according to numerous studies on environmental management. Initiatives will stall if middle managers
interpret high-level objectives and distribute daily resources in a way that is disruptive or of low value. In contrast, supervisors convert theoretical
sustainability objectives into practical operational realities when they include methane measures in regular performance evaluations or maintenance plans.
Therefore, the MMS needs to establish systems — training, rewards, and open reporting — that link boardroom goals to practical applications.

According to organizational academics such as Schein and Argyris, a "learning culture," in which presumptions may be challenged and feedback loops are
trusted, is necessary for profound transformation.”” Uncomfortable realities are frequently revealed by methane management, such as malfunctioning

machinery, faulty data, or unbalanced incentives that prioritize production speed over leak control.*? An effective MMS must establish safe spaces where
employees can point out such flaws without fear of retaliation, enabling them to view issues as opportunities for growth rather than places of blame.

These lessons are reinforced by experience from related disciplines. The spread of ISO 50001 energy-management systems demonstrates that companies
can only save a substantial amount of moneym] when senior management incorporates energy goals into the main plan and when employees at all levels
receive focused training.m] The implementation of safety-management systems in the aviation sector also serves as an example of how cultural
commitment — daily briefings, candid reporting of near-misses — converts a legal mandate into a way of life. Despite being technically different, methane
management requires an equivalent level of organizational involvement.

Finally, it should be acknowledged that organizational change is driven not only by internal initiatives but also by external institutional pressures. As
institutional theory suggests, companies respond to evolving norms and demands from their environment, including regulations, market forces, and
stakeholder expectations, to maintain legitimacy.

In the context of methane, rising investor scrutiny and new policy commitments (for example, over 150 countries joining a GMP to cut emissions) create an
additional sense of urgency. These external drivers amplify the need for the cultural and procedural shifts outlined above, essentially pulling organizations
towards methane innovation from the outside. This means that the MMS is not just a voluntary improvement but a strategic response to the changing
landscape in which companies operate.

4.1.2 Systems Thinking: Methane in the Socio-Technical Web

Systems thinking expands the framework to include the interconnected networks in which emissions occur, whereas organizational change concentrates on
internal dynamics. Systems theory, with its roots in the writings of Ludwig von Bertalanffy and further developed by academics such as Donella Meadows,
views organizations as open systems with feedback loops between their constituents: people, technology, processes, and external actors.””

Feedback Loops and Interdependencies: One of the most prominent examples of systemic behavior pertains to methane releases. Decisions made years ago
during the procurement process, incentive schemes that prioritize high throughput over maintenance, or market forces delaying capital improvements, could
all be the cause of a leak found at a pipelinejunction.[m] Equally obvious are feedback loops: inadequate monitoring results in erroneous inventories, which
erode regulatory oversight and lessen the motivation to invest in detection technologies, thereby sustaining emissions. Systems thinking urges managers to
address these reinforcing loops and go beyond immediate causes.

To convert these theoretical loops into an effective management mechanism, the MMS borrows the technical architecture of ISO 50001 Clause 6.3 (Energy
Review). In this context, systems thinking is operationalized as a 'Methane Emission Review, requiring the organization to analyze historical and current
methane usage/leaks and identify areas of significant emissions. By applying the ISO 50001 logic, methane control is no longer a series of behavioral
interventions but a structured process of establishing Methane Emission Performance Indicators (MEPIs) and Methane Emission Baselines (MEBs). This
ensures that the socio-technical web is monitored through precise, auditable data points that track the effectiveness of technical interventions across the
value chain.

Socio-Technical Perspectives: Here, the notion of the "socio-technical system" is particularly important, which was popularized by the Tavistock Institute and
later by innovation academics.”” In addition to hardware — such as valves, compressors, and detection sensors — methane management also entails social
structures, such as contractor relationships, staff training, legal frameworks, and community expectations.m] One domain's changes have an impact on other
domains. For instance, implementing cutting-edge continuous monitoring technologies would necessitate renegotiated supplier contracts, updated
maintenance schedules, and new data-analysis abilities. These cascading effects are easily missed in the absence of a systems perspective.

Specifically, applying the 'Energy Planning' structure of ISO 50001 allows the organization to differentiate between 'static factors' and 'relevant variables'
which contributes to methane emissions from different sources, such as fixed infrastructure and operational venting/flaring. Effective management
mechanisms are thus derived from the 1ISO-standardized requirement to identify 'Significant Methane Sources' (SMS) - those facilities or processes where the
warming potential is highest—allowing for the targeted allocation of resources. This technical mapping transforms the sociotechnical system from a
descriptive map into a pragmatic hierarchy of intervention priorities.

Value-Chain Approaches: A value chain view is also required by systems thinking. Exploration sites, processing, and transportation facilities, and even end-
use distribution networks emit methane."” If storage facilities vent during maintenance or if downstream pipelines leak, reducing flaring at the wellhead is

useless. As a result, a strong MMS charts the entire value chain, pinpointing the leverage points where actions have the greatest overall impact.
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Network Governance and External Stakeholders: No company operates in a vacuum. Emission results are influenced by local communities, suppliers,
contractors, investors, and regulators. Systems theorists emphasize the significance of "border-spanning" management — structures that coordinate
behavior across organizational boundaries.*" In practice, this may take the shape of transparent reporting in line with investor climate-risk frameworks,
cooperative leak-detection programs with pipeline operators, or supplier agreements of conduct containing methane performance clauses. Instead of
limiting accountability to the plant gate, the MMS needs to institutionalize these interactions with the outside world.

Resilience and Adaptation: Resilience is also discussed in systems thinking. Rapid technological advancements, shifting energy markets, and changing
regulations create a volatile environment in which methane management must function. By integrating the technical monitoring requirements of ISO 50001
Clause 9.1, the MMS ensures that the resilience of the system is backed by continuous, high-frequency measurement. This converts 'adaptation’ from a
vague organizational goal into a data-driven response to fluctuations in methane intensity levels.™ A system created solely for the present will eventually
become outdated. The MMS is designed as a dynamic cycle of monitoring, feedback, and iterative improvement, drawing on Meadows’ work on adaptive

capacity. This allows the organization to adapt and learn as external conditions change.[46]

4.1.3 Integrating the Three Pillars: Governance, Systems, and Technical Logic

While discussed independently, organizational transformation, systems thinking, and technical planning logic reinforce one another as a cohesive
management framework. The first two pillars—organizational transformation and systems thinking—provide the sociological roadmap and the network
awareness necessary for change. However, as noted by sustainability scholars, these pillars remain 'paper exercises' without a Third Pillar: Technical Energy-
Planning Logic.W] This third pillar, derived from the core technical requirements of ISO 50001, provides the pragmatic mechanisms for implementation:
source quantification, baseline establishment, and performance monitoring. By integrating these three dimensions, the MMS moves beyond discrete
technical fixes to provide an institutionalized, data-driven, and culturally anchored solution to methane mitigation.

The technical core of the MMS is modeled on ISO 50001 Clause 6 (Planning). To ensure that management leads to actual emissions reductions, the
framework requires a formal 'Methane Review' (analogous to the ISO 'Energy Review'). This involves a systematic analysis of: (i) historical methane
emissions data; (ii) the identification of 'Significant Methane Sources' (SMS) based on high warming potential or leak frequency; and (iii) the estimation of
future emissions trends. ™ This analysis is then used to establish a Methane Emission Baseline (MEB) and Methane Emission Performance Indicators
(MEPIs), allowing the organization to measure the effectiveness of its mitigation efforts against a statistically valid reference point. By analyzing these
requirements, the MMS converts the abstract goal of 'sustainability’ into a set of auditable technical parameters that align with the Global Methane Pledge
targets.

The integration of these pillars also guarantees conformity to modern sustainable governance. Clear executive control, quantifiable goals, value-chain
accountability, and proof of ongoing learning are requirements that investors and regulators are placing even further emphasis on in climate initiatives. The
MMS portrays methane management as a driver of strategic value and long-term organizational resilience rather than as a strict compliance requirement by
including these objectives within its conceptual architecture.

All things considered, the MMS's conceptual underpinnings are based on the realization that significant emission reductions require both organizational
change and an understanding of the system in which that organization functions.”” Systems thinking reveals the intricate interdependencies that render
isolated technical fixes insufficient, whereas organizational transformation theory offers the means to change culture, leadership, and routine operations.
Together, they create the intellectual framework that safely supports the rest of the MMS, including its design, integration principles, and real-world
implementation.

4.2 Designing an MMS

Creating an MMS necessitates a holistic management architecture that can transform daily business operations, not just a set of technical solutions.
Internationally recognized energy management standard 1ISO 50001 serves as the structural model for the proposed MMS.”™ The success of ISO 50001 lies
in the fact that it combines the fundamental principles of management and the PDCA (Plan-Do-Check-Act) cycle with the most relevant technical aspects of
energy efficiency. This integration makes it a more compelling framework for adoption than standards such as ISO 9001 and ISO 14001, which are, in
contrast, largely focused on management components. By embedding technical performance requirements directly into the management loop, ISO 50001
ensures that the system is driven by measurable physical outcomes rather than administrative procedures alone. Applying this technical-managerial hybrid to
methane allows the MMS to transform emissions control from a supplementary task into a fundamental organizational role inextricably linked to strategy
and risk management.[sﬂ The MMS transforms emissions control from a supplementary compliance task to a fundamental organizational role that is
inextricably linked to strategy, risk management, and operational planning by applying this reasoning to methane.

4.2.1 Rationale for a Management-System Approach

In the past, methane-reduction initiatives have frequently been dispersed, with one facility implementing a new maintenance regimen, another launching a
leak-detection campaign, or periodic renovations brought on only by regulatory pressure. Although such programs rarely result in long-term reductions, they
can produce short-term improvements. Experience with ISO 50001 and 150 14001 (environmental management) demonstrates that integrating
environmental objectives into governance frameworks produces more profound and enduring advantages. Similar to supply-chain dependability or the cost
of capital, these guidelines have assisted thousands of businesses in treating energy use and emissions as strategic variables. The MMS embraces this
management-system approach, acknowledging that equipment failure and decisions related to scheduling, incentive design, and procurement both

) o (54]
contribute to methane emissions.
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Additionally, management-system architecture conforms to new regulatory and investor requirements. Frameworks that prioritize governance, measurement,
and continuous improvement, such as the Task Force on Climate-related Financial Disclosures (TCFD), are being used by financial institutions to assess
climate risk.” Mandatory measurement, reporting, and verification of methane emissions are also being pursued by regulators in the US, EU, and other
countries. Therefore, an MMS that adheres to 1ISO-style guidelines provides investors and regulators with confidence that methane management is
methodical, auditable, and flexible.

4.2.2 Rationale for the Technical Approach: Drawing from ISO 50001 Planning

Before detailing the operational cycle, it is necessary to establish the technical rationale for the MMS, which is extracted directly from the 'Energy Planning'
requirements of ISO 50001 (Clause 6). This chapter of the ISO standard provides the specific mechanisms required to convert management intentions into
physical performance. To make the MMS a tangible solution, the technical approach is centered on three core mechanisms:

1. The Methane Emission Review (Clause 6.3): Analogous to the 'Energy Review, this requires a formal analysis of methane sources across the value chain.
Organizations must identify 'Significant Methane Sources' (SMS) - those facilities or processes that account for the highest warming potential or leak
frequency. This data-driven mapping ensures that technical interventions are prioritized based on impact rather than convenience.

2. Methane Emission Baselines (MEB) and Performance Indicators (MEPIs) (Clauses 6.4, 6.6): A technical baseline must be established using a specified
period of measurement (e.g., a fiscal year). Against this baseline, the organization defines Methane Emission Performance Indicators (MEPIs), such as
methane intensity per unit of output or leak detection response times. These indicators provide the objective metrics necessary for auditable MRV
(Monitoring, Reporting, and Verification).

3. Methane Emission Objectives and Targets (Clause 6.2): The technical planning phase concludes with the setting of quantified, time-bound reduction
targets. By merging these specific mechanisms with the PDCA structure, methane management is transformed from a qualitative 'sustainability goal' into a
tangible technical procedure where every gram of avoided emission is measured, recorded, and verified.”™

This technical foundation ensures that the MMS satisfies the high standards of regulatory assurance and investor transparency currently demanded by the
Global Methane Pledge."

4.2.3 Core Design Elements

The technical mechanisms identified in the preceding section are operationalized through the Plan-Do-Check-Act (PDCA) cycle. This interrelated framework
ensures that technical learning flows back into strategy by forming a cycle rather than a linear path.

Before detailing the PDCA structure, it is essential to outline the technical rationale underpinning the MMS. Drawing from ISO 50001’s energy planning
framework, this includes: (1) conducting a methane emissions inventory and establishing a baseline; (2) identifying significant emission sources; (3) setting
SMART methane reduction targets aligned with international climate goals; (4) defining performance indicators such as methane intensity, leak detection
rates, and repair timelines; and (5) implementing continuous monitoring and verification systems. These elements form the operational backbone of the

MMS and ensure that methane mitigation is both measurable and adaptive[57]

A. Planning: Strategic Foundation

Planning creates the intellectual and strategic foundation for all subsequent actions. Mapping all methane sources along the entire value chain, from
wellhead to end-user, is the primary responsibility.[sgl There is much more to this activity than simply identifying obvious leak spots. It examines operational
procedures, maintenance logs, and equipment age profiles that produce fugitive emissions.”” It also considers partners upstream and downstream, whose
operations effect a company's methane footprint.

Risk and opportunity assessments are also necessary during the planning phase. In addition to calculating the possible financial risks associated with
carbon pricing or regulatory fines, businesses must also identify ways to create value, such as by recovering marketable gas that would otherwise be lost.
Investment choices that hold up well in the face of uncertainty can be supported by scenario analysis, which can show how various market or regulatory
circumstances may impact the economics of methane control.

Importantly, planning connects business strategy to methane goals. Goals should be quantified, time-bound, and in line with capital allocation and business
risk management procedures. For instance, a business may incorporate a goal into executive scorecards and budget planning, such as reducing methane
intensity per unit of production by a certain percentage over five years.[w] By doing this, methane management stops being a standalone environmental

project and joins the organization's larger efforts to increase profitability, resilience, and stakeholder confidence.””

Involving stakeholders is essential for planning. Employees, local communities, investors, and regulators all have expectations and knowledge that can help
create realistic goals. Early discussions help raise issues, such as community sensitivities regarding flaring or the safety implications of new detection
technology, and establish the legitimacy required for eventual deployment.

B. Implementation: From Blueprint to Daily Practice

Strategic plans become operational realities through implementation. Governance and role descriptions must be clear. Operations, maintenance,
procurement, finance, and human resources departments must share responsibility for methane management, even while technical competence is provided
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by environmental or compliance teams.”” To coordinate efforts and sustain visibility, many organizations find that designating a senior methane-
management champion who reports directly to the board or C-suite works well.

Allocating resources appropriately is crucial. This includes money for personnel training and maintenance improvements, as well as capital expenditures for
state-of-the-art leak-detection systems, such as infrared cameras, continuous monitoring sensors, and aerial surveillance. In addition to the expense of
equipment, budgeting should account for the labor and data-analysis skills needed to maintain monitoring.

Culture change and capacity building are essential for implementation. To ensure that everyone is aware of how their activities impact methane performance,
training programs should be extended beyond technical professionals to include managers, procurement officers, and contractors. Maintenance plans need
to align with methane targets, and operational procedures need to be revised to prioritize quick leak detection. Methane awareness is integrated into
everyday operations in leading companies: maintenance teams are given the authority to stop equipment when criteria are surpassed, and operators receive

. . . [63]
real-time data on emissions.

The key enabler is the dedication of the leadership. Executive support indicates that reducing methane is a strategic necessity rather than a short-term
solution. By assigning specific funds, tying bonuses or performance evaluations to certain goals, and recognizing early victories to create momentum, senior
leaders can further reinforce this message.

C. Monitoring, Reporting and Verification (MRV): Credibility and Accountability

Management systems risk becoming paper exercises in the absence of thorough measurement. Therefore, the foundation of trustworthiness is monitoring
and verification.

Standardized measurement procedures that satisfy or exceed baseline regulatory criteria are necessary for a strong MMS. These could include a variety of
technologies calculated to deliver precise, high-frequency data across facilities, such as satellite data, optical gas imaging, and continuous emission
monitoring. Clear chain-of-custody protocols and routine sensor calibrations are necessary to protect data integrity.

Internal transparency is crucial. Operations teams, executives, and the board should all have access to performance data, in addition to environmental
professionals. Dashboards that show methane intensity at the facility level, leak repair timelines, and trend analyses encourage shared accountability and
facilitate quick action in the event of anomalies.

Stakeholder confidence increases with external reporting and independent verification. While public disclosure, in line with TCFD or other recognized
frameworks, shows investors and regulators that promises are genuine, third-party auditors may attest to the correctness of data and the efficacy of control
systems.lm] Businesses are better able to obtain funding, bargain with authorities, and maintain their social license to operate when they combine reliable

data with open reporting.[ﬁ]

D. Continual Improvement: Adaptive Capacity

However, the problem of methane management is ever-changing. Stakeholder expectations increase, rules become more stringent, and technologies change.
Because of these factors, an MMS needs to be built as a dynamic learning system.

Frequent management reviews, such as yearly board-level evaluations, assess whether goals are still ambitious and whether there are any new possibilities
or hazards. The results of audits, incident investigations, and employee input are incorporated into updated goals and protocols. Innovation can be
stimulated and new insights can be obtained by benchmarking against industry peers and participating in cooperative projects, such as the Oil and Gas

Methane Partnership (OGMP).[“]

Promoting an innovative culture is equally crucial. Long before top management did, employees closest to operations frequently identify low-cost ways to
reduce emissions, such as better scheduling, maintenance, or modifying compressor sequencing. The MMS is kept alive by methods for collecting and
rewarding such ideas, such as special innovation grants and recommendation systems.

Continual improvement also includes stress testing and scenario preparation. To be resilient to unanticipated changes, such as new carbon pricing regimes

or unexpected surges in natural gas consumption, businesses should assess the effectiveness of their methane strategy under various regulatory or market
) ) ) . ) U

scenarios. This proactive approach transforms methane management from a defensive duty into a source of strategic agility. o

4.2.3 Integration with Corporate Governance

The operational cycle is described by four components; however, their usefulness hinges on how well they are integrated with corporate governance.
Methane's significance to enterprise value is indicated by board-level oversight. Currently, many businesses have established board sustainability
committees or assigned specific methane-risk duties to current audit and risk committees.”” These arrangements guarantee that methane performance has
an impact on long-term strategy planning, mergers and acquisitions, and capital spending choices.

To ensure effective governance oversight of methane disclosure, companies require to significantly increase the scope and depth of their reporting to include
standardized, independently audited environmental and social metrics across various dimensions. This would involve substantial investments in personnel,
advisory services, and auditing infrastructure, while also posing challenges in balancing transparency with the protection of proprietary information.

Additionally, firms across diverse industries may struggle to align with uniform metrics that may not fully reflect their specific operational contexts.”"
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Alignment with current management systems is also necessary for integration. Businesses with ISO 14001"" or 150 50001 certification can take
advantage of current practices, such as document control, internal audits, and corrective action procedures, to lessen the administrative load and strengthen
consistency among environmental goals.m] To integrate methane considerations into routine decision-making rather than treating them as a distinct silo, the
MMS should, whenever feasible, integrate with safety and quality systems.

4.2.4 Anticipated Benefits

There are several advantages to a well-designed MMS. It improves environmental performance, captures gas that can be sold instead of vented, and directly
lowers emissions and product loss. Indirectly, it lowers the cost of financing and streamlines permitting procedures by improving reputational capital with
communities, investors, and regulators. Operational excellence is fostered by the systematic cycle of monitoring and improvement, which frequently results
in efficiency improvements beyond methane, such as lower energy use or increased equipment reliability.

The MMS enhances long-term company resilience, which is arguably its greatest significant benefit. Companies with reliable, validated methane policies are
better equipped to handle stricter rules, erratic energy markets, and growing climate responsibility demands. The MMS transforms what was formerly a
burden of compliance into a source of strategic benefit by institutionalizing methane control as a fundamental governance function.

When the planning, execution, monitoring and verification, and continuous improvement components are combined, methane management is transformed
from a collection of unplanned tasks into a systematic organizational procedure.m Strategy is anchored by planning, everyday operations are embedded by
implementation, accountability and transparency are provided by monitoring, and flexibility is ensured by continuous improvement. The MMS is a technical
framework and governance system that helps organizations achieve present regulatory requirements while being ready for more ambitious climate goals in

the future. It is similar to the ISO 50001 model from which it was derived.””

5. Proposal for the Methane Management System (MMS)

5.1. Integration Principles

The integration principles proposed here do not advocate for the expansion of management systems into all corporate areas; rather, they focus on the
technical cross-pollination between methane mitigation and energy performance.

A key component of the proposed MMS is its integration with existing structures used by numerous organizations in the oil and gas industry, rather than its

standalone operation. Large businesses are used to operating under a complex set of management standards, such as 1ISO 50001 " for energy management,
ISO 14001 for environmental management,[m ISO 45001 for occupational health and safety, and ISO 9001 for quality.m] Each of these systems has developed
a unique set of procedures, reporting frameworks, and verification methods that, if dispersed, may lead to inefficiencies, duplications, and occasionally
competing goals. Organizations can improve upon extant procedures while reducing administrative load by viewing MMS as an extension of these current

systems rather than as a brand-new, standalone tool.

There are various benefits to this integrated strategy. First, integrating methane reduction objectives into well-known organizational practices — such as risk
assessments, safety audits, operational reviews, and management reporting — prevents effort duplication and guarantees consistency across business
operations.m] Methane considerations are more likely to be recognized as a component of the company's operational fabric and less likely to be seen as an
extra layer of red tape when they are included in procedures that employees are already familiar with and utilize.*” As auditors may evaluate methane-related
processes alongside other management domains, this simplification also makes external certification or third-party verification easier, enhancing confidence
among stakeholders and regulators.

Second, integration helps avoid the propensity to assign responsibility to a single technical department or compliance office, which is one of the most
frequent errors in environmental projects. Methane management runs the risk of being disregarded, underfunded, and excluded from strategic decision-
making when it is viewed as a specialized duty.[sﬂ In contrast, cross-functional accountability is promoted by an integrated MMS. Leaks must be found and
fixed by operations departments; finance teams must evaluate the cost savings from less product loss; procurement personnel can favor suppliers who
exhibit robust methane control measures; and human resources departments can include methane-related competencies in training and performance

. 182) ) . - ) e
reviews. By spreading accountability across the organization, methane reduction becomes a common goal rather than a specialized issue.

Finally, cultural alignment is strengthened through management system harmonization. Workers become accustomed to viewing sustainability as an integral
part of their job, alongside efficiency, quality, and safety. This contributes to the development of a corporate culture that views environmental performance as
inextricably linked to and not distinct from core business operations. Resilience is eventually fostered by such integration: because the company's systems
are already set up around interconnection and continuous development, it is better able to adjust to changes in regulations, technological advancements, and
stakeholder expectations. In this way, integration is a cultural as well as an administrative approach, guaranteeing that methane management is ingrained in
the organization's routines, values, and long-term goals.

In particular, ISO 14001’s emphasis on environmental policy formulation, compliance obligations, and environmental impact assessment provides a
foundational structure for methane-specific planning. These elements can be leveraged within the MMS to ensure that methane mitigation is not only

. ) ) . . (831
technically sound but also aligned with broader environmental governance and legal compliance frameworks .

5.2. Systems Thinking in Practice
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This section does not introduce systems thinking as an independent analytical pillar, which has already been established in the theoretical framework.
Instead, it clarifies how systems thinking operates in practice as an integrating logic across the MMS. Its role is to connect the governance principles
discussed in Section 5.1 with the technical mechanisms consolidated in Section 5.3, ensuring that methane management is implemented coherently across
the value chain rather than through isolated, site-specific interventions. Systems thinking is, therefore, treated as a coordination mechanism that aligns
organizational decision-making, technical controls, and external value-chain interactions within a single management architecture.

Organizations must abandon fragmented, site-specific interventions and view methane as a component of a much larger web of corporate sustainability and
carbon management to apply systems thinking to methane management effectively.[84] Methane emissions occur across the value chain and are not limited
to discrete sources of release.”” They are impacted by interrelated choices, procedures, and external connections. By highlighting these interdependencies, a
systems view helps companies find leverage points where comparatively minor interventions can result in disproportionately large emission reductions.

5.3 Technical Pillar Summary: Operationalizing Methane Control

This section consolidates the technical mechanisms underpinning the MMS. Drawing from ISO 50001's energy planning structure, the MMS requires
organizations to: (1) quantify methane emissions across the value chain; (2) establish a baseline year and emission inventory; (3) define methane-specific
KPIs such as leak frequency, repair response time, and methane intensity per unit output; (4) implement robust MRV protocols; and (5) integrate these
metrics into regular management reviews. These elements ensure that methane control is embedded in operational routines and continuously refined
through feedback loops, aligning with both regulatory expectations and investor scrutiny.

The adoption of a value chain view is essential for this strategy. Businesses must consider emissions produced at every part of the value chain, including
extraction, processing, transportation, storage, and end-use, rather than focusing only on producing wells. An isolated emphasis runs the risk of only moving
emissions from one step to another, which is why this is crucial. For instance, stricter regulations on flaring during production may lower emissions at the
wellhead; however, if midstream equipment is not properly maintained, leaks during transfer may cancel out these benefits.” Similarly, advancements gained
earlier in the chain are weakened when end-use inefficiencies are ignored, such as fugitive methane from poorly maintained distribution networks.
Organizations can ensure that their initiatives are complete and cohesive by using a value chain lens, which targets methane reduction consistently across all
stages rather than in a piecemeal way.

In practice, this means that methane leakage during midstream transportation must be addressed as urgently as production flaring, and both must be given

similar weight alongside end-use inefficiencies.”” Businesses must abandon conventional hierarchies that prioritize upstream activities over downstream
duties to achieve this party of attention. Methane reduction must become a division-wide priority, with responsibility allocated appropriately.

Additionally, systems thinking expands accountability beyond the confines of the company. Cooperation with external parties, including suppliers,
contractors, service providers, and even end users, is essential for effective methane management because their actions have a direct impact on total
emission levels.” To guarantee that materials and equipment are purchased from suppliers who follow best practices in emission management,
procurement teams can, for example, incorporate methane performance criteria into supplier contracts. Certain methane performance standards may be
imposed on contractors engaged in building or maintenance, which will have a positive impact on the entire supply chain.”” Coordinated action on leak
detection, repair, and efficient use is also made possible by including end consumers, especially utilities and industrial users. By extending the MMS's reach
beyond the company, these external partnerships foster a larger ecosystem of responsibility and development.

Organizations' perspectives on their participation in climate governance are drastically altered when systems thinking is incorporated into an Mms.™
Methane is no longer viewed as a stand-alone environmental hazard but rather as a component of larger risk management, operational effectiveness, and
company resilience. With the growing demands for openness, value chain responsibility, and cross-sectoral collaboration, this change brings corporate
actions in line with global climate targets and changing stakeholder expectations. Ultimately, a systems-based MMS positions businesses as proactive
leaders in the shift to low-carbon operations while also guaranteeing continuous and long-lasting emission reductions.

5.4. Findings and Recommendations

Research has found that companies that have implemented integrated management systems routinely outperform those that only use compliance-based

strategies in terms of lowering methane emissions.”” Methane reduction becomes more quantifiable and long-lasting when systems such as ISO 14001

and 1S0 50001 are already integrated into corporate governance, according to case studies and survey results.” Executive leadership shows a particularly
strong trend: quantifiable benefits occur when senior management actively encourages system implementation and links methane objectives to strategic
decision-making. In contrast, development is dispersed and frequently short-lived in businesses where methane reduction is viewed as a strictly
technological issue. In addition to these beneficial results, research also shows enduring gaps.[%] Employee cultural buy-in is still incomplete, communication
routes are poor, and training options are inadequate in many firms. These flaws impede systems that are otherwise well-designed from reaching their
maximum potential.

Several techniques have stood out as being especially successful across all the organizations that were examined.”” The most noteworthy is the methodical
application of measurement and verification methods, which offer a clear foundation for monitoring performance and establishing trust with stakeholders
and regulators. Accountability is further strengthened by explicitly connecting performance outcomes to managerial key performance indicators (KPIs),
guaranteeing that methane management is a core component of both individual and departmental duties, rather than a side project. Strategies for employee
engagement are equally vital. Companies that actively include frontline employees in finding leaks, suggesting operational changes, and participating in
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training sessions have reported higher detection rates and greater organizational commitment to methane reduction.”” This supports the notion that
participation from both bottom-up and top-down directions is necessary to maintain systemic change.

The ramifications for organizations extend far beyond reducing emissions. Businesses frequently discover cost benefits through increased efficiency when
methane management is integrated into larger operating systems.[%] Resolving leaks enhance financial and environmental performance because they
represent lost product. Moreover, integrated systems improve regulatory preparedness, lowering the possibility of fines and non-compliance. Most
significantly, companies that exhibit transparent and substantiated pledges to reduce methane improve their status with regulators, investors, and local
communities, all of whom are placing a greater emphasis on sustainability when evaluating a company's legitimacy.

The concept for an integrated MMS that results from this research can be characterized as both useful and flexible. Its fundamental components — policy
formulation, goal definition, responsibility distribution, monitoring and reporting systems, and frequent review cycles — are modelled after the architecture of
well-established management systems. Businesses must start with a clear executive commitment to creating such a system, indicating that methane
reduction is a strategic priority rather than a regulatory afterthought. Therefore, the basis for establishing performance metrics that are adapted to
operational reality is a thorough mapping of emission sources across the value chain.” Strong monitoring and verification methods are required after
targets are established to maintain transparency and promote ongoing development. Comprehensive training programs that increase capacity at all
organizational levels and recurring evaluations that integrate operational input and technology advancements into system updates are necessary to support
these actions.

Based on this framework, several practice-related suggestions can be generated, as follows. Industry-wide training modules offering a common base of
technical and management knowledge could lessen the uneven capabilities that are currently preventing widespread adoption. Because the oil, gas, and
waste industries confront different operational issues, sector-specific toolkits should be created for each. Furthermore, engagement tactics ought to be
customized for the various levels of management: senior executives should incorporate methane reduction into corporate strategy, middle managers should
convert these objectives into operational priorities, and frontline employees should be given the authority to recognize and take advantage of everyday
emissions control opportunities.

Finally, organizations should align these internal efforts with the evolving external policy landscape. As methane regulations tighten — through measures
such as mandatory reporting, carbon pricing, and performance standards — a well-implemented MMS can help companies stay ahead of compliance
requirements. Proactively engaging with regulators and voluntary initiatives (for example, the Qil & Gas Methane Partnership 2.0) will ensure that the MMS
not only meets current best practices but also helps shape and respond to emerging rules. This coordination with policy and industry frameworks addresses
remaining gaps between corporate actions and broader climate goals, creating a reinforcing cycle between what companies do internally and what
authorities and markets expect externally.

Adopting such coherent systems has obvious benefits. Simplified documentation makes external verification easier and lessens the administrative load. As
departments come together around the same objectives and KPIs, operational consistency increases. Perhaps the most significant advantage over time is
cultural: sustainability goals stop being merely lofty objectives and instead influence the company's beliefs and procedures as methane management

becomes ingrained in the daily routine of corporate activity.[mm The integrated system provides a route to significant and long-lasting change by instituting

responsibility, promoting involvement across functions, and integrating methane reduction into current institutions. o

5.4 Suggested Key Performance Indicators (KPIs) for Methane Management

Organizations aiming to improve their methane management performance should adopt a set of robust key performance indicators. Methane intensity per
unit of production, similar to product carbon intensity or Product Carbon Footprint (PCF), provides a direct measure of emissions efficiency. During operation,
there are always scenarios in which equipment might malfunction, or products could leak into the environment because of incidents. The average response
time for leak detection and repair is critical for minimizing fugitive emissions, while tracking the percentage reduction in methane emissions year-on-year or
against baselines demonstrates progress towards strategic goals. Transparent and regulated measurement, reporting, and verification can be a manually
intensive task, and digital and data-driven solutions can make the process more efficient and eliminate the risk of double-counting or miscalculation.
Additionally, the process of validation can be automated and enhanced the process. Independent verification is increasingly important; therefore, the share of

emissions verified by third parties should be monitored. ne

It is worth emphasizing that comprehensive management requires accounting for methane emissions across the entire value chain, for example, from
upstream extraction to downstream distribution (well-to-gate approach). Compliance with relevant regional and global methane regulations is essential for

regulatory assurance. Accordingly, the deployment of digital monitoring and analytics tools should be measured by the percentage of assets covered, to

ensure that technological investments deliver value. Several other KPIs should be considered depending on the sector and end market .

5.6 Digital Technologies and Data Analytics in Methane Management

As the carbon market continues to mature, organizations require a comprehensive and effective approach to managing a complex web of regulatory, ESG,
production standards, credit, and offset generation protocols, and reporting requirements. Data and digital technologies and advanced data analytics can
transform methane management across the energy sector. As described, there are several different sources of information from sensors on sites, cameras,
satellite data, and more that should be utilized to identify and measure methane leakage across small to large areas. Internet of Things (IoT) sensors,
including infrared cameras and laser-based detectors, are increasingly being deployed for continuous monitoring, with data integrated into cloud platforms
for centralized analysis. Such large volumes of data will require complex data aggregations and manipulations for handling operational data that have
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different time scales and frequencies for reporting. Additionally, from an emission calculation perspective, there are strict compliance requirements that
should be followed in a consistent manner in relation to how the calculations are performed.

From an operational management perspective, it is necessary to have a clear means of being notified of problems and to be able to act and manage them
accordingly. This means first, being notified quickly when a key analyzer or indicator has failed, as this is key to resolving the issue so that the analysis can be
corrected quickly. Second, tools/methodologies must be in place that would allow for the re-calculation of methane equivalent values. Additionally, full audit
trails and record-keeping are critical for effectively managing emission reductions, tracking/verification, and reporting.[w‘q

Moreover, Artificial Intelligence and Machine Learning algorithms can be used to predict the probability of leaks, optimize maintenance schedules, and
identify high-risk assets, thereby improving operational efficiency and reducing emissions. Big data analytics aggregate emissions data from multiple
sources, such as satellites, aerial surveys, and ground sensors, enabling trend analysis and compliance reporting. They can also be used for forecasting and
fulfilling measurement gaps if they have been tuned previously in an appropriate manner and calibrated against data™*”.

Blockchain technology is emerging as a tool for MRV, ensuring transparency and immutability in methane reporting for regulators and investors. Integrated

dashboards provide real-time visualization of methane intensity, leak hotspots, and repair timelines, supporting rapid decision-making. Collectively, these

. . . . . . . . . . . [106]
digital innovations enable more accurate, timely, and cost-effective methane management, supporting both compliance and sustainability objectives.

6. Conclusion
6.1 Key Arguments Summarized

This research sets out to examine methane as a critical climate challenge and to propose a dedicated MMS approach that can produce long-lasting
decreases in a variety of organizational contexts. While the research draws on lessons from IMS, including ISO 14001 and ISO 50001, it does not propose a
generic IMS but a methane-specific framework that adapts and applies the structural logic of environmental and energy management systems to the unique
challenges of methane mitigation. Methane mitigation is one of the quickest ways to slow down near-term global warming because of its intensity as a

greenhouse gas; it is more than 80 times more potent than carbon dioxide over a 20-year horizon."” Anthropogenic methane emissions are both substantial
and theoretically manageable, according to scientific evaluations from the Intergovernmental Panel on Climate Change and several sectoral studies."™
However, worldwide emissions have risen in spite of overwhelming data and mounting regulatory pressure. The current investigation was prompted by the

continued existence of this knowledge-performance gap.

Crucially, this research has moved beyond a descriptive overview to adopt rigorous qualitative meta-synthesis and secondary data analysis methodology. By
triangulating technical performance data from twelve representative energy firms, extracted from OGMP 2.0 and UNECE disclosures, this research provides
the quantitative foundation necessary to justify an integrated management approach. This methodological pivot allows for a more transparent evaluation of
how documented organizational structures correlate with measurable methane intensity reductions, thereby resolving the 'knowledge-performance' gap that
often undermines purely behavioral climate initiatives. "

This research’s key claim is that management systems serve as catalysts for revolutionary change. Methane Emission control has not been adequately
addressed by conventional methods, which typically construe it as a discrete engineering challenge or a matter of periodic regulatory compliance. While ad
hoc maintenance initiatives, leak detection campaigns, and equipment upgrades may result in short-term gains, they rarely establish the organizational
practices and governance frameworks needed for long-term decreases. In contrast, well-designed and executed management systems integrate
environmental goals into the core of business decision-making. They create cultures of ongoing learning, redefine incentives, and establish clear roles.

Central to the paper’s revised thesis is the extraction of a technical energy-planning logic from ISO 50001 Clause 6. This serves as the essential Third Pillar of
the MMS framework, providing the ‘technical teeth' missing from conventional environmental regulations. By operationalizing a formal 'Methane Emission
Review, establishing Methane Emission Performance Indicators (MEPIs), and defining Significant Methane Sources (SMS), the proposed MMS model
ensures that mitigation is driven by objective physical data rather than administrative compliance. This technical core transforms the system from a

qualitative 'sustainability roadmap' into a pragmatically auditable procedure for deep decarbonization.""”

This assertion is supported by evidence from related fields. A strong precedent is provided by ISO 50001,[”” the international standard for energy
management. Organizations that have embraced ISO 50001 have generally transitioned from discrete energy-efficiency initiatives to a cyclical, integrated
process of planning, execution, monitoring, and ongoing development.[m] In addition to the development of new managerial competencies and a deeper

sense of shared responsibility, numerous case studies have demonstrated quantifiable savings in energy intensity and operating expenses.[ml These
experiences show that environmental goals can be transformed into long-lasting practices through a management system approach.

Based on these observations, this research derived and developed an MMS that is organized around four interconnected components: planning,
implementation, monitoring and verification, and continuous improvement. These components are supported by the theoretical frameworks of system
thinking and organizational transformation. By integrating methane reduction into strategy, governance, and day-to-day operations, the MMS aims to bridge
the gap between organizational reality and technical promises.

Finally, the findings highlight that the efficacy of the MMS is contingent upon avoiding the trap of 'symbolic adoption'—where standards are implemented for
reputational rather than operational gain. By linking the technical requirements of methane quantification directly to senior leadership liability (ISO 50001
Clause 5.1) and emerging corporate due diligence frameworks, the MMS model ensures that methane management becomes a core governance function.
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This integration effectively turns methane from an external environmental risk into a strategic driver of organizational resilience and financial transparency.
[114]

6.2 The Proposed Framework’s Significance

The MMS can be applied to a variety of industries and value chains. Methane emissions originate from coal mining, waste management, agriculture, oil and
gas extraction, and other sources.”™ Although the technological details vary — landfill gas capture devices, feed management techniques for cattle, and
infrared cameras for pipelines — the management issues are remarkably similar: scattered sources, numerous stakeholders, changing regulations, and the
requirement for reliable measurement. The MMS offers a versatile template that can be adjusted to these diverse situations by emphasizing management
architecture rather than a single technology. With minor operational adjustments, a mid-sized natural gas distributor can employ the same basic cycle of
planning, execution, monitoring, and improvement as a global agribusiness.

The framework's ability to institutionalize accountability from upper management is equally significant. Transparent data flows, distinct lines of
accountability, and explicit board-level oversight are all necessary for the MMS. These governance systems ensure that executive remuneration, investment
priorities, and budget decisions are all influenced by methane performance. The approach turns what was previously a compliance requirement into a
catalyst for value creation and organizational resilience by giving methane control an equivalent strategic relevance to financial risk management.

The MMS is conceptually aligned with ISO 14001 and ISO 50001, but it is tailored to address the specific characteristics of methane emissions, such as their
diffuse sources, high global warming potential, and regulatory complexity. By focusing on methane as a discrete management domain, the MMS fills a gap
left by broader IMS frameworks, which often treat methane as a secondary or implicit concern. The MMS offers a structured, auditable, and performance-
driven approach that integrates methane control into corporate governance, operational routines, and strategic planning.

Additionally, MMS promotes the larger goal of integrating sustainability. In addition to emissions statistics, investors, regulators, and civil society are
requesting proof of strong governance and ongoing progress. This assurance is provided by a management system that is auditable, externally verifiable, and
compliant with current standards, such as ISO 14001""" and the Task Force on Climate-related Financial Disclosures.” By strengthening a company's

"social license to operate," MMS lowers reputational risk and may even reduce the cost of capital.

The concept has systemic ramifications that extend beyond individual organizations. Widespread adoption, by standardizing measurement procedures
across industries and countries, promoting data sharing, and enabling more precise global methane inventories, can exert positive network effects. By
offering trustworthy, standardized data on emission reductions, it can aid the development of carbon markets and performance-based policies.

In broader terms, successfully implementing this integrated framework for methane management could deliver significant climate benefits. Scientists
estimate that aggressive global methane reduction (by approximately 45% by 2030) would prevent approximately 0.2—0.3°C of warming by the 2040s,
resulting in a noteworthy slowdown of near-term climate change[m],

This underscores the importance of our proposed MMS, which offers a practical means for organizations to contribute to this outcome. Indeed, the approach
aligns directly with the Global Methane Pledge, in which over 150 countries have committed to cutting methane by at least 30% by 2030. What is a bold
number on the international stage can be translated into tangible actions at the company level through an MMS - from rigorous leak detection to process
redesign - turning high-level goals into on-the-ground reality.

By adopting the MMS, companies can improve their operations and become key enablers of these global climate targets, delivering immediate emission cuts
that buy time in the race to limit global warming. In essence, the significance of the proposed framework lies in its contribution to both operational excellence
and climate stability.

6.3 Future Research Directions

A next stage in the analysis of this form of proposed framework is empirical testing in pilot organizations, which will enrich the compelling picture provided
by the conceptual arguments for its merits put forth in this research. Thoroughly planned pilots in many industries, including intensive agriculture, municipal
trash, and upstream oil and gas, would enable researchers to assess implementation challenges and opportunities in practice, as well as cost profiles and
quantifiable emissions results. Comparative research may also show how ownership structures, regulatory environments, and varying organizational sizes
affect outcomes. The guidelines presented here would be improved by the insights gained from such pilots, which would also create a body of evidence for
industry associations and policymakers.

Targeted investigation of digital technologies for reporting and monitoring is another promising direction. New opportunities for real-time measurement and
predictive maintenance are made possible by rapid developments in sensor technology, satellite observation, and data analytics. By incorporating these tools
into the MMS, organizations may be able to prioritize repairs using advanced risk algorithms and identify leaks in minutes, as opposed to days. This could
improve accuracy and responsiveness.ml In addition to evaluating the technical viability of such integration, research should also evaluate the data-
governance challenges it raises, such as privacy and cybersecurity risks.

Finally, long-term success hinges on a far-reaching understanding of organizational culture change. Human behavior — frontline participation, leadership
commitment, and a readiness to learn from mistakes — is the foundation of management systems. To determine the social and psychological elements that
support or obstruct long-lasting change, long-term ethnographic or mixed-method studies could monitor how organizational culture changes as the MMS is
implemented. Such studies would enhance theory and practice by providing insights that may be applied to other aspects of climate mitigation.
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One of the most obvious ways to slow the upward trend of global warming in the immediate term is to mitigate methane emissions."”” However, unless
organizations adopt structures that align with the complexity and urgency of the situation, technical promises will remain unrealized. The MMS suggested
here offers a mechanism to move beyond discrete interventions to institutionalized, verifiable, and adaptable action by combining the knowledge of systems
thinking and organizational transformation with the tried-and-true reasoning of ISO-style management. Its importance stems from the amount of methane it
can help avoid, as well as the precedent it sets for dealing with other challenging climate pollutants. In this way, the MMS serves as a model for more
extensive changes that a warming world will require in the future, as well as providing a useful instrument for the present.
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