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Dedication

This thesis is devoted with deep love and gratitude to my father, Late Sri Subramanya
Bhat K.M., whose presence continues to guide me in ways words can scarcely express. He was a
man of quiet strength, deep values, and unwavering belief in the power of learning. From my
earliest days, he instilled in me the importance of being grounded, of staying humble no matter
how far I go, and of always striving to learn not just from books, but from people, nature, and
life itself. He believed in me even when I doubted myself, and his faith became the groundwork
upon which I constructed my ambitions. Though he is no longer physically present, his spirit has
been with me through every step of this journey. His values echo in my thoughts, his lessons
shape my actions, and his dreams live on through my efforts. This thesis is not just an academic
milestone; it is a tribute to the man who taught me that true achievement lies not in recognition,
but in purpose. He often reminded me that success is meaningful only when it uplifts others and
contributes to something larger than oneself.

In that spirit, this work also reflects my commitment to a cause that I believe he would
have deeply respected the responsibility we hold toward our environment. I have chosen to focus
my academic efforts on understanding and contributing to the path of decarbonization and
sustainable development. This thesis is a small step in that direction, driven by the belief that we
owe it to future generations to act with foresight and responsibility. I hope that in some way, this
work honours not only his memory but also the values he lived by integrity, simplicity, and a

deep respect for the world around us.



ABSTRACT

In the contemporary era, the terms Decarbonization, Carbon Footprint, Net Zero Emission,
and Sustainability have transcended their status as mere buzzwords. They have become pivotal
concepts that are integral to the establishment of a green environment for future generations.
The importance these issues is emphasized by the changing weather impacts and the rising
recognition of the environmental impressions of industrial activities.

Today, supply chain business processes and solutions are increasingly automated and
standardized on a global scale to achieve efficiency. However, this drive for efficiency often
overlooks a critical question: Are all organizations across various industries actively working to
decrease emissions from the supply chains? The unfortunate reality is that many are not. This
gap highlights the need for a concerted effort to identify the unique roles that suppliers, logistics
partners, and other key players can play in decarbonizing the value chain. Furthermore, there is
a pressing need for industry-wide commitment to reducing carbon footprints, as well as careful
estimation of the environmental impacts.

The key objective of this research is to provide a complete analyse the recent works and
industry practices related to decarbonization initiatives. By doing so, the study aims to outline a
hypothetical context for defining a methodology to measure carbon emissions across the supply
chain and logistics portfolio. This framework will offer a holistic understanding of the past,
present, and future directions of decarbonization and its contributions. The dissertation will
delve into how governments can scale up the adoption of technologies involved in the
decarbonization of supply chains, particularly within the energy sector. This exploration will be

based on a combination of descriptive and analytical research methodologies, utilizing surveys



from reliable databases such as ScienceDirect, Scopus, ResearchGate, and Google Scholar. One
of the key aspects of this study is the classification of emissions according to the Greenhouse
Gas (GHG) Practise. The practise classifies emissions into three scopes: Scope 1 (Direct
Emissions), Scope 2 (Indirect Emissions from energy consumption), and Scope 3 (Other Indirect
Emissions) (GHG Protocol, 2023; IEA, 2024; World Economic Forum, 2023). By breaking
down the problem statement into these categories, the research aims to provide a focused
analysis of resilient and sustainable solution outcomes. These solutions are not only applicable
to the oil and gas (energy) industries but also to other organizations striving to reduce their
carbon footprints, particularly, those arising by Scope 3 emissions. The research will also
explore the potential development of a digital product designed to track carbon emissions across
various categories. These categories include Green Purchasing (GP) and Sustainable Sourcing,
Green Logistics and Packaging, and collaborative carbon tracking with partners. Such a product
could be a valuable tool for administrations looking for to boost their ecological accountability
and transparency.

In summary, this dissertation seeks to bridge the gap between the theoretical understanding
of decarbonization and its practical application within the supply chain(GHG Protocol, 2023;
World Economic Forum, 2023; IEA, 2024). By critically reviewing prevailing industry practices
and developing a structured framework for the measurement and management of carbon
emissions, this study seeks to support the wider objective of strengthening supply-chain
sustainability and resilience (GHG Protocol, 2023; World Economic Forum, 2023; CDP, 2024).
The outcomes of this study are intended to guide organizations in adopting scalable and
impactful decarbonisation strategies that contribute to long-term environmental sustainability

(Sindhwani et al., 2023).
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CHAPTER It
INTRODUCTION
1.1 Introduction

As the world rapidly advances through the era of digital transformation, the urgency to
address environmental sustainability has never been more critical. While technological
innovation continues to reshape industries and redefine operational efficiencies, it is equally
important to ensure that these advancements align with worldwideexertions to minimize carbon
emissions. The dual challenge of embracing digital progress while actively contributing to a
greener planet is now central to shaping a sustainable future for generations to come.In all
different industrial sectors, supply chains play a pivotal role in both economic performance and
environmental impact. These industries typically allocate between 35% to 45% of their total
expenditure to supply chain operations, covering the full spectrum from procurement to payment
and from order to cash. Despite this significant investment, the environmental footprint of
supply chains often remains underaddressed. For companies that rely heavily on natural
resources, calculating the total carbon footprint of a product is a complex task. This complexity
stems from the diverse and often fragmented network of suppliers, logistics providers, and
service partners involved in bringing a product to market.Setting ambitious net-zero targets for
a companys core operations is a commendable step. However, achieving meaningful
decarbonization across the entire supply chain presents a far greater challenge. Supply chains
today are sprawling, global ecosystems. Their interconnected nature makes it difficult to monitor

emissions consistently, let alone enforce reduction strategies.



In recent years, the global narrative around climate change has evolved from raising
awareness to driving tangible action. Governments, corporations, and individuals alike are
recognizing the need to transition toward low-carbon economies. Within this wider transition,
the oil and gas sector has attracted heightened scrutiny, reflecting both its substantial
contribution to global greenhouse gas emissions and its continuing strategic importance in
meeting worldwide energy demand (IEA, 2023; World Economic Forum, 2023). In this context,
the supply chain becomes both a challenge and an opportunity: a challenge due to its emissions
intensity, and an opportunity because of its potential to drive systemic change.

Supply chains within the oil and gas sector are inherently complex, encompassing the
large-scale movement of raw materials, specialised equipment, and supporting services across
extensive geographical regions. As a result, these activities generate substantial indirect
emissions, commonly classified as Scope 3 emissions, which arise beyond an organisation’s
direct operational boundaries but are nevertheless attributable to its value-chain activities (GHG
Protocol, 2023; IEA, 2023). These emissions, stemming from suppliers, transportation
networks, and end-users, are notoriously difficult to quantify and manage. As the global push
toward net-zero intensifies(Agarwala, 2025), decarbonizing supply chains has emerged as a
strategic imperative. It is no longer sufficient for organizations to focus solely on internal
efficiencies. Instead, they must adopt a holistic approach that extends sustainability efforts
throught the business processes. This transformation demands a shift in mindset, the adoption
of innovative technologies, and the cultivation of collaborative partnerships that align
environmental responsibility with business performance(Joppa and Willmott, 2025).

My interest in this area stems from over seventeen years of global experience in designing,

developing, and automating business processes to enhance efficiency and productivity.



Throughout my career, I have observed a noteworthy gap in the execution of focused net-zero
strategies within the supply chain domainparticularly in alignment with the Paris Agreement on
Climate Change. This research is driven by a desire to bridge that gap by proposing a practical
model or methodology for tracking and managing carbon emissions across supply chain
processes in the energy sector. The goal is to contribute to a more transparent, accountable, and
sustainable supply chain ecosystem that supports both environmental and economic
objectives(Mani, Delgado and Hazen, 2024). By developing a framework that enables
organizations to measure, monitor, and reduce their carbon emissions(Sobrino-Duque et al.,
2025), this work aspires toempower businesses to take meaningful action toward sustainability.

In conclusion, the decarbonization of supply chains in the oil and gas industry is a complex
but essential endeavor(Al-Ghamdi et al., 2024). Addressing this challenge necessitates a
comprehensive assessment of the environmental impacts associated with supply-chain activities,
alongside the adoption of targeted and effective strategies to reduce and mitigate those impacts
(GHG Protocol, 2023; World Economic Forum, 2023). By leveraging digital technologies,
fostering collaboration, and aligning with global climate goals, companies can make decisive
progress on dropping their carbon emissions and creating a greener future for all (Mishra and

Pandey, 2025).

1.2 Research Problem
The question of whether supply chain decarbonization is being practiced on a wide scale
remains a critical concern in today’s sustainability discourse. While many organizations have
made public commitments to reduce their carbon footprints, the actual implementation of

decarbonization strategies particularly within supply chains has been inconsistent and often
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superficial. According to the Global Risk Report by the World Economic Forum (2021), several
barriers continue to hinder meaningful progress in this area. Chief among these is the lack of
transparency at the supplier level, which makes it difficult to assess and manage emissions
effectively. Without clear visibility into supplier practices, companies struggle to understand the
true environmental impact of their operations (Swink and Gallo, 2023). This may also obscure
the financial impacts of decarbonization. Many decision-makers perceive sustainability
initiatives as costly or disruptive to performance, leading to hesitation or resistance in adopting
them. As a result, sustainability is often sidelined in favour of short-term operational efficiency
or cost savings. This mindset creates a significant gap between corporate sustainability goals
and the practical steps needed to achieve them, particularly in complex, global supply chains
(Belvedere and Grando, 2017).

Despite growing awareness and the availability of advanced technologies, many companies
especially in the energy industry still face challenges in tracking and reducing emissions across
their supply chains (Malacina et al., 2025). The absence of standardized methodologies for
measuring emissions, coupled with fragmented supplier networks and inconsistent data
reporting, makes it difficult to implement effective decarbonization strategies. These challenges
are further compounded by the worldwide supply chains set up, where varying guidelines,
cultural norms, and levels of technological maturity create additional layers of complexity.
(Hosseini Shekarabi, Mavi and Macau, 2025).

Scope 3 emissions encompass all indirect greenhouse gas emissions generated across an
organisation’s value chain and are widely recognised as being particularly challenging to
measure and manage due to their occurrence beyond a firm’s direct operational control

(Wang et al., 2024). These emissions often characterise the main share of an organizations total
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carbon footprint, yet they are the least understood and least controlled (Boukherroub et al.,
2024). Without a clear framework for measuring and managing Scope 3 emissions, companies
risk falling short of their climate commitments. This study tries to find the challenges by
exploring practical, scalable solutions for measuring, managing, and reducing carbon emissions
within supply chains (Mrad, Frikha and Boujelbene, 2025). The objective is to close the
persistent gap between high-level sustainability ambitions and their effective translation into
operational practices on the ground (World Economic Forum, 2023; EY, 2024). By establishing
a structured approach that organizations can adopt and tailor to their specific needs, this study
aims to provide a roadmap for effective supply chain decarbonization (Huang and Luo, 2024).
This research is not just about identifying problems it is about enabling action. It aims to
empower organizations with the tools, insights, and frameworks needed to transform their
supply chains into engines of sustainability. In doing so, it contributes to the broader goal of

building a low-carbon economy that is both resilient and responsible.

1.3 Purpose of Research

The increasing urgency of climate change mitigation has intensified attention on the
environmental footprint of global supply chains, with particular focus on carbon-intensive
industries such as oil and gas (Fournier Gabela and Freund, 2023). Although many organisations
have articulated ambitious net-zero goals, a key difficulty remains in converting these pledges
into effective and sustained actions across their extended value chains (World Economic Forum,
2023; EY, 2024). This includes broader network of vendors, logistics service partners that
contribute to a company’s overall carbon footprint (Boukherroub et al., 2024). One of the key

drivers behind this research is the recognition that decarbonization cannot be achieved in
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isolation. It expects a collective work from all interested parties in the supply chain (Siems et
al., 2023; Villena and Gioia, 2020). Suppliers, transporters, and other partners each play a unique
role in shaping the environmental performance of the value chain (Stangl et al., 2024). However,
their contributions are often overlooked or underutilized due to a lack of visibility, standardized
practices, and integrated systems for tracking emissions. This study seeks to address this
challenge by developing a practical and scalable framework that organisations can apply to
operationalise decarbonisation initiatives across their supply chains (World Economic Forum,
2023; SBTi, 2023). The primary aim of this study is to develop a comprehensive approach
specifically designed for the oil and gas sector, a domain characterised by high operational
complexity and a substantial environmental footprint (EY, 2023; Okeke, 2024). The proposed
framework begins by systematically identifying the principal emission sources across the supply
chain, spanning upstream activities such as natural resource extraction and logistics, through to
downstream stages including product distribution, use, and end-of-life impacts (GHG Protocol,
2023). Gaining clarity on where emissions originate across organisational and value-chain
activities represents a foundational step for effectively managing and achieving meaningful
emissions reductions (GHG Protocol, 2023). Next, the study will evaluate the tools and
technologies currently available for tracking carbon emissions. While there are many digital
solutions on the market, their integration into existing procurement and logistics systems
remains a challenge. This research will explore how emission data can be seamlessly embedded
into these systems to enable live tracking and informed decision-making. Another critical aspect
of the framework involves engaging suppliers in sustainability initiatives. Many suppliers,
especially smaller ones, may lack the resources or knowledge to implement decarbonization

strategies on their own. By fostering collaboration and providing clear guidelines, companies
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can help their partners align with broader environmental goals.

Finally, the research will offer actionable recommendations that organizations can adopt to
reduce their carbon footprint. These steps will be designed to be both practical and impactful,
ensuring that companies can make measurable progress toward their sustainability targets
without compromising operational efficiency. This research is about turning ambition into
action. It seeks to empower organizations with the insights; strategies needed to take ownership
of their supply chain emissions and lead the way toward a more sustainable future (World

Economic Forum, 2023; RMI, 2022).

1.4 Significance of the Study

The importance of this assessment lies in its possibility to reform how the oil and gas
industry approaches sustainability, particularly in the context of supply chain operations. As the
global energy landscape undergoes a thoughtful change, the need for industries to evolve beyond
traditional practices has become more urgent than ever. This research addresses that urgency by
focusing on one of the most overlooked yet impactful areas of carbon emissions: the indirect
emissions embedded within complex supply chains. In today’s unified biosphere, supply chains
are no longer linear or localized they are dynamic, global networks that span continents and
involve countless stakeholders. Each link in this sequence, from raw material to ultimate
delivery, contributes to the environmental footprint of the product. However, these contributions
are often hidden, fragmented, or difficult to quantify. A key reason for the significance of this
research lies in its emphasis on enhancing operational transparency, particularly in relation to
the measurement and management of emissions across complex supply-chain activities (World

Economic Forum, 2023).
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In an era where stakeholders demand greater accountability, companies can no longer afford
to operate in silos. Investors are increasingly evaluating businesses not just on financial
performance but also on environmental, social, and governance (ESG) metrics (McKinsey,
2023; Harvard Business Review, 2026). Consumers are making purchasing decisions based on
a brand’s sustainability credentials. Employees are choosing to work for organizations that align
with their values (Al Azizah and Haron, 2025). As an effect, a company’s capacity to
demonstrate a clear, data-driven approach to reducing its environmental impact becomes a
competitive advantage (Hagiu and Wright, 2020). This study provides the tools and insights
needed to build that clarity into the very frame of supply chain business ops.

Moreover, the study is forward-looking in its approach. It does not merely react to current
regulatory pressures or market trends; it anticipates future challenges and opportunities. As
carbon pricing mechanisms become more widespread and stringent, companies that have
already embedded carbon-conscious practices into their operations will be better positioned to
adapt. They will not only avoid penalties but also unlock new revenue streams through carbon
credits, green financing, and sustainable partnerships. This research equips organizations with
the foresight and framework to navigate that evolving landscape with confidence. Another
important dimension of this study is its emphasis on innovation. Traditional supply chain models
were built for efficiency and cost-effectiveness, often at the expense of environmental
considerations. This research challenges that paradigm by introducing sustainability as a core
design principle. It encourages companies to rethink how they source materials, manage
logistics, and engage with suppliers. By doing so, it opens the door to innovative technologies,
business models, collaborative ecosystems that prioritize both profitability and planetary health.

The study also holds significance in terms of organizational culture. Implementing a
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decarbonization strategy is not just a technical exercise it requires a shift in mindset across all
levels of the organization. From procurement officers to logistics managers, from executive
leadership to frontline workers, everyone must understand their role in achieving sustainability
goals. This research provides a common language and a shared framework that can unify diverse
teams around a single, impactful mission. It fosters a philosophy of accountability, revolution,
and development. Furthermore, the study contributes to the broader societal goal of climate
resilience. The energy business, due to its scale and influence, has a unique opportunity and
responsibility to lead by example. By demonstrating that it is possible to decarbonize even the
most complex supply chains, this research sends a powerful message to other sectors. It shows
that sustainability is not a constraint but a catalyst for transformation. It proves that
environmental stewardship and financial progress can grow together.

In addition, the study addresses a critical knowledge gap. While much has been written about
carbon reduction in manufacturing and energy production, there is inadequate inputs on how to
tackle carbon emits in the supply chain context, especially in high-impact industries. This
research fills that void by offering a practical, actionable roadmap that organizations can adapt
to their specific needs. It combines strategic vision with operational detail, making it both
aspirational and implementable.

Lastly, the study is significant because it aligns with the values and expectations of the next
generation. As younger consumers, employees, and leaders come of age, they bring with them
a heightened awareness of environmental issues and a fervent desire for meaningful change.
They are not satisfied with superficial commitments or green washing they want to see real
progress. This research empowers organizations to meet those expectations with integrity and

purpose This exploration transcends mere scholarly pursuit it emerges as a pivotal beacon in the
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collective journey toward sustainability. By zeroing in on the overlooked challenge of supply

chain emissions within the energy sector, it illuminates a path that many have yet to tread (Hasan

et al., 2024). It equips organizations not only with actionable insights but also with the strategic

clarity needed to evolve responsibly (Alvarez et al., 2018). More than anything, it affirms that

transformative progress is not a distant ideal it is achievable when vision aligns with capability

and bold decisions are made with conviction.
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1.5 Research Purpose and Questions

Tackling climate stands as one of the most urgent and complex issues tackling the globe
today (Abbass et al., 2022), and for organizations operating in carbon-intensive sectors like
energy, the responsibility is even greater. In November 2017, my organization made a bold
commitment to lower the net carbon footprint of its energy yields, with a long-term goal of
achieving a 100% reduction by 2050 (Shell, 2017). This pledge aligns with the global objectives
outlined in the Paris Agreement and reflects a growing recognition that sustainability must be
embedded into every aspect of business operations including the supply chain. This research is
driven by the need to develop a structured, scalable, and practical approach to measuring and
managing carbon emissions across the supply chain (Zhou, 2020). While many companies have
made strides in reducing direct emissions (Woxday, 2023), the indirect emissions those that
occur outside the organization’s immediate control remain a significant blind spot. These
include emissions from suppliers, logistics providers, and other third-party partners (Stangl et
al., 2024). Without a clear methodology to track and reduce these emissions, achieving true net
zero status remains out of reach.

The intent is to design a comprehensive framework that enables organizations, particularly
in the energy sector, to measure, monitor, and mitigate carbon emissions throughout their supply
chain and logistics operations. This includes evaluating current tools and technologies,
identifying integration challenges, and planning tactics for decarbonization.

To guide this research, the subsequent key enquiries will be explored:

What are the primary causes of carbon emissions of energy sector, and how can they be
accurately identified and categorized?

What existing technologies and tools are available for carbon footprint measurement, and what

18



are the limitations in integrating them into current procurement and logistics systems?

How can organizations effectively track emissions based on financial spend, and what are the
practical challenges in applying this model across diverse supply chain activities?

What gaps exist between current decarbonization solutions and the specific needs of the energy
industry, and how can these gaps be addressed through innovation or adaptation?

What strategies can be employed to engage suppliers and logistics partners in decarbonization
efforts, and how can these strategies be scaled across global operations?

How can renewable energy, digital technologies, and data analytics be leveraged to enhance
the operations while improving climate impact?

By answering these questions, the research looks to contribute a meaningful and actionable

framework that provisions the changeover to a low-carbon world.

19



CHAPTER II:

REVIEW OF LITERATURE

2.1 Theoretical Framework

The sustained dependence on fossil fuels, with the accelerating impacts of climate change
on global systems, has intensified the urgency of transitioning to sustainable energy sources,
making this shift a critical priority for both academic research and the energy industry (Johns
Hopkins University, 2025; Nature, 2026). Environmental consequences of traditional energy
consumption rising temperatures, extreme weather events, ecological degradation have
prompted a global call to action. This has emerged as a critical strategy, particularly in industries
where energy consumption and emissions are high (Liu and Zhang, 2024).

SC decarbonization is no more a theoretical ideal but a practical necessity (Rathnasiri,
2025). Volatile fuel prices, evolving emission regulations, and growing consumer awareness
are reshaping how organizations view their environmental responsibilities (Li, Jiang and Zhou,
2025). It is no longer sufficient to focus solely on the sustainability of end products;
companies must now evaluate and transform the complete life span of their operations from
raw material sourcing to final delivery (Ivanov, 2022). This shift requires a fundamental
rethinking of supply chain practices, with a strong emphasis on transparency, accountability,
and innovation (Chelkha, Dachry and Messaoudi, 2025).

The carbon emissions generated by manufacturing industries and their downstream activities
are among the leading contributors to global warming. Recognizing this, many nations have
begun implementing policies aimed at reducing emissions and promoting a low-carbon
economy. However, the efficiency of these policies depends heavily on the ability of industries

to measure, manage, and mitigate their carbon footprints (Oh et al., 2025). This is particularly
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challenging in the energy sector, where supply chains are vast, complex, and often opaque
(Goldthau and Hughes, 2020). The objective from this exercise is to review a wide-range review
of existing works and trade practices related to supply chain decarbonization. It proposes a
conceptual framework for developing methodologies and technologies that can accurately
measure carbon emissions across the supply chain and logistics portfolios, particularly within
the energy industry. The framework is designed for complete view of the evolution of
decarbonization efforts examining where we are now, and where we need to go.

This study anchored in the ethos of eco-conscious progress and holistic environmental
analysis. Sustainable development underscores the importance of achieving economic progress
while simultaneously safeguarding environmental resources and promoting social equity
(Mezentseva et al., 2024). Environmental systems thinking, on the other hand, encourage a
holistic view of industrial processes, recognizing the interdependencies between various gears
of the SC and their collective impact on the environment.

A major barrier to effective supply chain decarbonization is the lack of harmonized and
widely accepted approaches for measuring carbon emissions (Pefiasco, Diaz Anad6n and
Verdolini, 2020). Without a common framework, organizations struggle to benchmark their
performance, identify inefficiencies, and implement targeted improvements (Goldthau and
Hughes, 2020).The study focuses on the gap by exploring the use of advanced tools such as
carbon accounting software, emission factor databases, and life cycle assessment (LCA) models
(Liu and Zhang, 2024). These tools enable organizations to quantify emissions with greater
accuracy, identify high-impact areas, and prioritize interventions. The literature also reveals that
successful decarbonization efforts often hinge on the implementing technologies and

collaborative practices (Nature, 2020). Companies that have made meaningful progress in this
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area tend to integrate renewable energy sources, optimize logistics networks, and invest in
energy-efficient infrastructure (Oyenuga et al., 2025). Moreover, they foster strong partnerships
with suppliers, stakeholders, ensuring that sustainability goals are shared collectively.
Collaboration emerges as a consistent theme within the literature, with effective
decarbonization dependent on the active engagement of key stakeholders, including suppliers,
customers, regulators, and internal organizational teams (e.g. Lee, 2015; CDP, 2021).
Organizations must engage their partners in dialogue, share data transparently, and align
incentives to drive collective action. This collaborative approach not only strengthens the
effectiveness of decarbonization strategies but also contributes to greater resilience and trust
across the supply chain (Lee, 2015; CDP, 2021). The framework proposed in this study offers a
strong conceptual basis for examining and supporting progress in supply chain decarbonization
(Stangl et al., 2024). By synthesizing insights from academic research and industry practice, it
offers a roadmap for organizations seeking to reduce their environmental impact while

maintaining operational excellence.

2.2 Theory of Reasoned Action
The behavioural dynamics of decision makers and stakeholders are critical in influencing
the outcomes of decarbonization initiatives (Block, Sharma and Benz, 2024). The study explores
how intentions influenced by internal beliefs and external expectations drive or hinder the
implementation of green habits across the SC (Siems, Seuring and Schilling, 2023). This
behavioural lens is particularly relevant when analysing the challenges associated with reducing

emissions across Scope 1, Scope 2, and Scope 3 categories (Agarwala, 2025).
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2.2.1 Social Impact on Emission Reduction Strategies

The decision to implement emission reduction strategies is rarely based on technical
feasibility alone. It is often shaped by how individuals and organizations perceive the benefits,
risks, and social expectations associated with those strategies. For instance, a supply chain
manager may recognize the long-term value of switching to low carbon logistics providers but
may hesitate due to perceived cost implications or lack of peer support. These behavioural

nuances are central to understanding why some initiatives succeed while others stall.

IR * Reduces Directly controlled emissions through low carbon energy supply

Direct
Emissions

SEnSPA * Reduces cost and creates revenue generating opportunities from low carbon products
Indirect
Emission

S ° All emissions indirectly produced across the organization’s business network..
Other

Emissions

Table 1. Types of emissions (Source: Bhat, 2025)

Scope 1 covers greenhouse gases released straight from sources that a company directly
owns or operates, such as fuel combustion in company vehicles or on-site equipment(US EPA,
2025).These emissions are typically the result of fuel combustion in company-retained services,
vehicles, and equipment (US EPA, 2025;GHG Protocol, n.d.), as well as emissions from
industrial methods and short emissions such as refrigerant releases. Because these emissions fall
entirely within the operational boundary of the organization, they represent the most immediate
and controllable category of emissions, and thus, are often the first target in corporate

decarbonization strategies. The social and cultural dimensions of Scope 1 emission reduction
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are deeply rooted in the internal dynamics of an organization. Management plays essential role
in shaping the organizational mindset toward sustainability (Agarwala, 2025). When emission
reduction is positioned as a strategic priority rather than a compliance driven obligation it fosters
a culture of accountability and innovation. This cultural alignment is critical, as it influences the
willingness of operational teams to adopt innovative technologies, redesign processes, and
engage in continuous improvement initiatives. Organizations that embed sustainability into their
core values and performance metrics are more likely to see widespread engagement and
successful implementation of emission reduction measures.

From a strategic standpoint, addressing Scope 1 emissions needs a widespread approach that
combines operational efficiency, industrial advancements, and long-term planning (Carbon
Direct, 2025). Improving energy efficiency across existing operations represents one of the most
accessible and economically viable strategies for emissions reduction (Agarwala, 2025). This
can include retrofitting facilities with effective lighting solutions, improving heating and cooling
operations, and employing advanced energy management tools that offers periodic insights into
energy consumption patterns (U.S. Department of Energy, 2025). Beyond their environmental
benefits, these measures contribute to meaningful cost savings when considered over a longer
time horizon (Nature, 2020). In addition to improving efficiency, many organizations are
investing in on-site renewable energy generation as a way of bringing down their reliance on
fossil fuels. Solar photovoltaic systems, wind turbines, and biomass energy solutions are
increasingly being deployed at industrial sites to provide clean, low carbon energy (Farghali et
al., 2023). These investments not only support to net zero goals (Ali et al., 2024) and enhance
energy security and resilience against fluctuating energy prices (Farghali et al., 2023).

For organizations with significant transportation or industrial process emissions, replacing
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high emission fuels such as diesel or coal with lower carbon alternatives like natural gas,
biofuels, or hydrogen can yield substantial environmental benefits. This transition often requires
infrastructure upgrades and careful planning but can be a powerful lever for reducing Scope 1
emissions. Technological innovation also plays a vital role in decarbonizing direct emissions.
Organizations are increasingly exploring advanced manufacturing techniques, such as additive
manufacturing, which can reduce material waste and energy consumption (Narsimhachary and
Phani, 2023). Carbon capture and storage (CCS) tools are also gaining traction, particularly in
heavy industries where process emissions are difficult to eliminate. These technologies, while
still evolving, offer promising pathways for achieving deep decarbonization. Equally important
is the role of employee engagement and capacity building. Training programs that raise
awareness about the environmental impact of daily operations and equip employees with the
skills to identify and implement efficiency improvements are essential (Feeney et al., 2023).
When employees understand the rationale behind emission reduction initiatives and see their
contributions recognized, they are more likely to take ownership and drive change from within.

Beyond operational measures, organizations must also consider the broader strategic risks
and opportunities associated with climate change (ERM Initiative Staff, 2010). This includes
preparing for future regulatory changes, such as carbon pricing or emissions trading schemes,
and evaluating the economic consequences of environment linked hazards on assets and
operations (Aboagye et al., 2023; Campiglio et al., 2019). Engaging with investors, customers,
and other stakeholders on sustainability performance is becoming increasingly important, as
transparency and accountability are now key expectations in the corporate world. The Carbon
Trust, a leading authority on carbon management, emphasizes the importance of integrating

climate risk into business strategy. This involves not only compliance with current regulations
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but also proactive planning for future scenarios (Matsumura, Prakash and Vera-Muiioz, 2024),
including shifts in market demand, supply chain disruptions, and reputational risks.
Organizations that take a forward-looking approach are better positioned to capitalize on
emerging opportunities, such as green financing, sustainable product innovation, and enhanced
brand loyalty.

While Scope 1 emissions are inherently internal, their reduction can be significantly
amplified through collaboration with external partners, particularly within the supply chain.
Establishing programs that encourage suppliers to adopt low carbon technologies and practices
can create a multiplier effect. For instance, co-developing energy efficient materials, sharing
best practices, and providing technical or financial support to suppliers can extend the impact of
an organization’s decarbonization efforts beyond its immediate boundaries. In the energy
industry, where supply chains are often global and complex, such collaborative approaches are
particularly valuable (Tan, Bouchery & Hofstetter, 2024). By promoting innovation alongside
collective accountability, organizations can develop a high-impact supply chain ecosystem that
supports alignment with Scope 1 emissions reduction objectives (Teske et al., 2022; Kandpal
etal., 2024; Zhang, 2024). This not only enhances environmental performance but also
strengthens relationships with key stakeholders and contributes to long term business resilience
(Heikkinen, 2017; Florez-Jimenez et al., 2024).

Measurement and reporting are foundational to any emission reduction strategy. Robust data
collection practices, aligned with internationally recognised frameworks such as the GHG
Protocol, are essential (Bacas & Dylla, 2024), enables organizations to track progress, identify
hotspots, and make informed decisions. The adoption of digital technologies, including the

Internet of Things (IoT), artificial intelligence (AI), and blockchain, can improve the accuracy,
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transparency, and traceability of emissions data (Johnson et al., 2024; Budennyy et al., 2023;
Zhang, 2024). These tools enable real-time monitoring, predictive analytics, and automated
reporting, thereby supporting organizations in managing emissions in a more proactive manner
(Alotaibi & Nassif, 2024; Achebe, 2025).

In conclusion, Scope 1 emissions represent a critical starting point for organizational
decarbonization. By leveraging a combination of leadership commitment, operational
excellence, technological innovation, and stakeholder engagement, organizations can achieve
meaningful reductions in their direct emissions. The journey toward net zero emissions is
complex and multifaceted but addressing Scope 1 emissions with a strategic and integrated
approach lays a sturdy foundation for broader sustainability goals. As the energy industry
continues to evolve, the ability to manage and reduce direct emissions will be a key differentiator
for organizations seeking to lead in a low carbon economy (U.S. Department of Energy, 2025).
Scope 1 emissions represent direct greenhouse gas emissions from sources that are owned or
controlled by an organization, whereas Scope 2 emissions relate to indirect emissions arising
from the consumption of purchased electricity, steam, heating, and cooling (McKinsey and
Company, 2024). These emissions are produced at the point of energy generation but are
reported as part of the consuming organization’s carbon footprint (US EPA, 2025; Bacas &
Dylla, 2024). Consequently, Scope2 emissions constitute a significant element of an
organization’s overall environmental impact and frequently represent the second-largest
contributor to its carbon footprint after Scope 1 emissions (Bacas & Dylla, 2024). The
significance of Scope 2 emissions lies in their indirect nature while organizations do not have
direct control over the generation of the energy they purchase; they do have control over how

much energy they consume and the sources from which it is procured. This duality presents both
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a challenge and an opportunity. On one hand, reducing Scope 2 emissions requires navigating
complex energy markets and infrastructure constraints. On the other hand, it opens avenues for
strategic decision-making in energy procurement (Ding, Liu, and Chang, 2023), efficiency
improvements, and renewable energy investments. To decrease Scope 2 outcomes, improve
energy efficiency across operations (Kang and Kang, 2022). This involves conducting detailed
energy audits to identify sections of high utilization and executing ways to cut down energy use
without compromising productivity (Kalair et al., 2023). For instance, investments in
energy-efficient equipment, optimisation of production schedules to minimise peak electricity
demand, and the deployment of automated systems for lighting, heating, and cooling can result
in significant reductions in electricity consumption (Mischos et al., 2023; Zhang et al., 2019).
These measures lower emissions and reduces expenditure, making them attractive from both an
environmental and financial perspective (Ekins and Zenghelis, 2021).

However, energy efficiency alone is not sufficient to achieve significant reductions in Scope
2 emissions. A more impactful strategy involves transitioning to low-carbon or renewable
energy sources. Organizations can achieve this through several mechanisms. One common
approach is the purchase of green electricity from utility providers that generate power from
new energy sources such as solar, wind (Pawar et al., 202). In regions where green tariffs are
available, companies can opt into programs that guarantee a specific ratio of their energy comes
from renewable sources (Morina et al., 2020).

An increasingly adopted approach for addressing Scope 2 emissions is the use of Power
Purchase Agreements (PPAs), which are long-term contractual arrangements through which
organizations procure electricity directly from specific renewable energy sources, such as wind

or solar farms (Renewabl, 2025). These agreements offer greater price certainty, stimulate
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investment in new renewable energy projects, and enable organizations to claim the associated
environmental benefits of clean energy procurement (Kwon & Kim, 2024). In addition to off-site
procurement, some organizations invest in on-site renewable energy generation, including
rooftop solar installations and geothermal systems for heating and cooling, thereby reducing
reliance on grid-supplied electricity (Chen et al., 2024). Such initiatives not only contribute to
lowering Scope 2 emissions but also strengthen energy independence and operational resilience
(Sustainability Magazine, 2025). Beyond direct renewable energy sourcing, organizations may
address remaining Scope 2 emissions through the purchase of Renewable Energy Certificates
(RECs) or Guarantees of Origin (GOs), which certify that a defined quantity of electricity has
been generated from renewable sources and supplied to the grid (GHG Protocol, 2025; Climate
Partner, 2025). Although these instruments do not result in direct physical emission reductions,
they support renewable energy markets and allow organizations to claim the environmental
attributes of clean energy consumption (Chen et al., 2024). Nevertheless, the credibility and
effectiveness of RECs are contingent upon robust certification standards and transparency, and
they are most appropriately used as a complement to, rather than a replacement for, direct
emission reduction measures.

The behavioural aspect of Scope 2 emission reduction is also noteworthy. Just as with scope
one, the success of these initiatives depends on the commitment of leadership and the
engagement of employees (Teske et al., 2022; Cameron and Quinn, 2006; Renwick et al., 2024).
When energy conservation is embedded into the organizational culture, it becomes a shared
responsibility. Simple actions such as turning off unused equipment, optimizing thermostat
settings, and encouraging energy-saving habits can collectively make a significant difference

(HomeAlliance, 2025). Moreover, involving employees in energy-saving campaigns and
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recognizing their contributions can foster a sense of ownership and motivation (Yusliza et al.,
2025). From a strategic perspective, managing Scope 2 emissions also involves navigating
regulatory frameworks and market situations. In many countries, governments are introducing
policies that promote renewable energy adoption and penalize high-emission electricity
generation. Carbon pricing mechanisms, renewable energy mandates, and emissions reporting
requirements are becoming more common (OECD, 2023), and organizations must stay informed
and agile to remain compliant and competitive. In some cases, participating in voluntary
programs such as the Science Based Targets initiative (SBT1) or the Carbon Disclosure Project
(CDP) can enhance transparency and demonstrate leadership in sustainability.

Furthermore, the adoption of digital technologies is reshaping how organizations monitor
and manage energy consumption. Advanced metering infrastructure, real-time energy
dashboards, and Al-driven analytics facilitate accurate tracking of energy use and associated
emissions. By generating actionable insights, these tools enable data-driven decision-making
and support continuous performance improvement in energy management practices (Alotaibi &
Nassif, 2024; Achebe, 2025). For instance, predictive analytics can detect recurring patterns of
energy inefficiency, while machine-learning algorithms can optimise energy consumption by
integrating production schedules with weather-related forecasts.

In the context of the energy industry, Scope 2 emissions are particularly relevant due to the
sector’s high energy intensity and reliance on centralized power generation. Energy companies
must not only manage their own emissions but also lead by example in promoting clean energy
solutions. This includes investing in renewable energy infrastructure, supporting grid
decarbonization, and offering green energy products to customers (World Economic Forum,

2025; U.S. Department of Energy, 2025). By aligning their internal practices with their external
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offerings, energy companies can build credibility and drive systemic change. In conclusion,
Scope 2 emissions represent a vital area of focus for associations requesting to reduce carbon
footprint (Carbon Direct, 2025; U.S. EPA, 2025; GHG Protocol, 2025). While these emissions
are indirect, they are highly actionable through strategic energy procurement, efficiency
improvements, and stakeholder engagement. Combining operational excellence, market
intelligence, and technological innovation, organizations can make meaningful progress toward
decarbonization. As the global energy transition accelerates, the ability to manage Scope 2
emissions effectively will be a key indicator of organizational leadership and sustainability
maturity.

Representing the most complex emissions category, Scope 3 emissions include indirect
impacts across the value chain and present unique behavioural challenges for organizational
management and accountability (McKinsey, 2023). These emissions are influenced by the
actions of suppliers, customers, and other external partners. Encouraging suppliers to adopt
sustainable practices requires more than contractual obligations; it demands a shared vision and
mutual trust. Organizations that foster collaborative relationships and communicate the
continuing values of sustainability are more likely to see meaningful engagement from their
partners (Green, 2023). For many companies, most of their greenhouse gas (GHG) emissions
and cost reduction of operations (Citigroup, 2022; EPA, 2025; Shrimali, 2021; World Economic
Forum, 2025). By measuring Scope 3 emissions, organizations can:

Understand where the biggest emission challenges lie across their supply chain.
Spot potential risks tied to resource use and energy consumption.
Recognize which suppliers are setting the pace on sustainability and which ones are lagging.

Discover opportunities to boost energy efficiency and cut down costs throughout.

31



Work together with suppliers to roll out effective sustainability practices.

Make their products more energy efficient by design.

Inspire workers to actively decrease emissions from travel by fostering a culture of
sustainability (Aclymate, 2024; Work for Climate, 2025; CSE, 2025).

The energy sector, by its very nature, is deeply intertwined with the global economy and
society’s dependence on fossil fuels. This interconnection makes Scope 3 emissions particularly
critical in this industry. For instance, the combustion of fuels sold by energy companies accounts
for a sizeable proportion of global carbon dioxide emissions. These emissions, although not
produced directly by the firms themselves, but have direct implication of their core business
actions (Normative, 2024). These emissions therefore fall squarely within Scope 3 and represent
a major obstacle for organizations aiming to align with global climate goals, including the Paris
Agreement (Science Based Targets initiative, 2024; EPA, 2025; MIT Climate Portal, 2022).

In recent years, leading energy companies have begun to acknowledge the importance of
addressing these downstream emissions (Ceres, 2022; Yale Sustainability, 2023). This shift in
perspective has led to a broader understanding of corporate responsibility, one that extends
beyond operational boundaries to encompass the full lifecycle of products and services.
Companies are now investing in cleaner alternatives, such as hydrogen, biofuels, and renewable
electricity, to reduce the emissions associated with the use of their products (Emergen Research,
2024). These efforts are often accompanied by initiatives to educate and support customers in
transitioning to lower-carbon energy solutions.

Upstream emissions, which include those generated by suppliers and contractors, are also
gaining attention. The procurement of materials, the construction of infrastructure, and the

operation of service providers all contribute to the overall carbon footprint of an energy
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company (McKinsey, 2023). Recognizing this, some organizations have begun to implement
supplier engagement programs aimed at improving environmental performance across the
supply chain. These programs may include setting emissions reduction targets, provide technical
assistance, and incorporate sustainability criteria into procurement decisions.

The measurement and reporting of Scope 3 emissions within the energy sector require a
robust and well-structured methodological framework due to the complexity of value-chain
activities involved. Life cycle assessment (LCA) is among the most widely applied approaches
for this purpose, as it enables systematic evaluation of emissions across multiple stages of
production and consumption (Tamoor & Xing, 2025). LCA allows organizations to quantify the
environmental impacts of products and services over their entire life cycle, from raw material
extraction through to end-of-life disposal (NREL, 2025; U.S. DOE, 2022; EPA, 2025). By
examining each phase of the value chain, LCA offers a comprehensive perspective on emissions
sources and supports the identification of targeted reduction opportunities (Arbor, 2025; Chlela
& Selosse, 2025). Although its analytical strengths, the reliability of LCA outcomes is highly
dependent on the availability, granularity, and quality of underlying data, which remains a
persistent challenge across many segments of the energy industry (Lee, 2025). To address data
limitations, organizations frequently rely on emission factors derived from industry averages or
economic input—output models. While these approaches provide useful approximations, they
may not adequately reflect the specific operational characteristics of individual facilities or
supply chains. Consequently, there is increasing emphasis on improving data accuracy,
traceability, and transparency in Scope3 emissions accounting. In this context, digital
technologies such as blockchain and the Internet of Things (IoT) are being explored as enabling

tools to enhance data integrity, traceability, and accountability across complex value chains
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(MIT News, 2024; U.S. DOE, 2024; GAO, 2022).

Despite the challenges, there are numerous examples of companies making meaningful
progress in managing Scope 3 emissions. These efforts often involve cross-sector collaboration,
innovation, and a willingness to rethink traditional business models. For instance, some energy
companies are partnering with technology firms to develop digital platforms that track emissions
across the supply chain in real time. Others are investing in circular economy initiatives that
reduce waste and expand the life of products and resources (Ellen MacArthur Foundation, 2021).
Education and capacity building are also essential components of a successful Scope 3 strategy
(EPA, 2025; Yale Sustainability, 2023). Employees, suppliers, and customers must be equipped
using the intelligence and tools needed to construct learnt outcomes, adopt sustainable practices
(United Nations and The Partnering Initiative, 2020). This requires ongoing communication,
training, and the creation of incentives that align individual behaviour with organizational goals.

As the urgency of climate change continues to intensify, organizations worldwide are
increasingly expected to undertake comprehensive actions to reduce greenhouse gas (GHG)
emissions (United Nations, 2025). Although substantial progress has been achieved in
addressing Scopel and Scope?2 emissions—those arising directly from organizational
operations or indirectly from purchased energy—Scope 3 emissions remain the most complex
and least understood element of corporate carbon accounting frameworks (Teske et al., 2022).
These emissions, which occur across the entire value chain, are often the most substantial in
volume and the most difficult to measure and manage (World Economic Forum, 2023). Yet,
they are also the most critical to address in the pursuit of net-zero goals (EPA, 2025; Shrimali,

2021; World Economic Forum, 2025).
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Scope 3 emissions comprise all indirect greenhouse gas emissions that result from activities
not owned or directly controlled by the reporting organization but that nevertheless occur
because of its operations (World Economic Forum, 2023). These emissions arise across a wide
range of value-chain activities, including the production of purchased goods and services,
transportation and distribution processes, waste management, business travel, worker shuttling,
and the use and end-of-life treatment of sold products (GHG Protocol, 2025; CDP, 2024; IEA,
2023). As such, Scope 3 emissions capture the full life-cycle impacts of a company’s activities,
extending well beyond its immediate operational boundaries. Within the energy sector, where
supply chains are typically extensive, globally dispersed, and resource-intensive, Scope 3
emissions are particularly significant (GHG Protocol, 2025; CDP, 2024; IEA, 2023). Addressing
these emissions therefore extends beyond regulatory compliance or corporate social
responsibility and represents a strategic imperative for long-term sustainability and competitive
advantage. The inherent complexity of Scope 3 emissions stems from their indirect nature, as
their measurement and management depend heavily on data and actions outside an
organization’s direct control (World Economic Forum, 2023). Unlike Scope 1 and Scope 2
emissions, which can often be quantified using internal operational data and utility records,
Scope 3 emissions require extensive collaboration, data sharing, and coordination with external
stakeholders across the value chain. This includes suppliers, logistics providers, customers, and
even end-users. For instance, a firm that manufactures electric automobiles must account not
only for the emissions generated during production but also for those associated with the mining
of raw materials (GHG Protocol, 2025; 1IEA, 2023; CDP, 2024), the transportation of
components, and the eventual disposal or recycling of the vehicle. This complexity makes Scope

3 emissions both a challenge and an opportunity. On one hand, the data required to accurately
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measure these emissions is often fragmented, inconsistent, or unavailable. On the other hand,
addressing Scope 3 emissions can unlock significant environmental and economic value,
particularly when organizations collaborate with partners across the value chain to drive
systemic change (EPA, 2025; VCMI, 2025; World Economic Forum, 2025).

One of the obstacles to effective Scope 3 emissions management is the difficulty in
measurement (World Economic Forum, 2023). The indirect nature of these emissions means
that organizations must rely on data from third parties, which may not be standardized or readily
accessible. Many suppliers, particularly small enterprises, may lack the capacity or expertise to
track and report their emissions accurately. Even when data is available, it may be based on
assumptions or methodologies that vary widely across industries and regions (Cohen, 2024).
Defining the boundaries of Scope 3 emissions is another complex task. Organizations must
determine which activities and entities to include in their emissions inventory, a process that
involves nuanced decisions about ownership, control, and influence (World Economic Forum,
2023). This can lead to significant variation in reported emissions across companies, even within
the same industry. An additional challenge relates to the risk of double counting, since emissions
classified as Scope 3 for one company may be recorded as Scope 1 or Scope 2 emissions by
another entity within the value chain (Wang et al., 2024), there is a risk of counting the same
emissions multiple times across the value chain (Holzapfel et al., 2023). While this does not
affect the total emissions globally, it complicates efforts to allocate responsibility and track
progress. Despite these challenges, a range of methodologies and analytical tools has been
developed to support organizations in the measurement and management of Scope 3 emissions
(Tamoor & Xing, 2025; World Economic Forum, 2024). Among the most widely adopted

frameworks is the Greenhouse Gas Protocol’s Corporate Value Chain (Scope 3) Standard, which
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offers structured guidance for identifying, quantifying, and reporting emissions across the value
chain (WRI & WBCSD, 2011). The standard encourages organizations to assess all fifteen
Scope 3 categories and to prioritise those that are most material to their operations and
stakeholder expectations (Hauschild efal., 2018). Life cycle assessment (LCA) represents
another commonly used approach for evaluating the environmental impacts of products and
services across their entire life cycle (Hauschild & Huijbregts, 2018). Through LCA,
organizations can identify emissions hotspots, evaluate alternative materials and processes, and
support informed decision-making related to product design and sourcing strategies. However,
comprehensive LCA studies can be resource-intensive, and their reliability is strongly
influenced by the availability and quality of underlying data (Curran, 2014; Finkbeiner et al.,
2014). Economic input-output models offer a more accessible approach by linking financial
expenditure data with sector-specific emission factors (Nakamura, 2023). These models can
provide high-level estimates of emissions associated with purchased goods and services, but
they may lack the granularity needed for detailed analysis. Hybrid methods that combine
process-based and spend-based approaches are increasingly being used to balance accuracy and
practicality. Digital technologies are also playing a growing role in emissions measurement.
Advanced analytics, machine learning, and block chain are being used to enhance data
collection, verification, and reporting (Harvard Extension School, 2026; Forbes, 2025). These
technologies can improve transparency, reduce administrative burdens, and enable real-time
monitoring of emissions across complex supply chains (Budennyy et al., 2023).

The strategic significance of Scope 3 emissions extends well beyond environmental
considerations alone (World Economic Forum, 2023). Investors are increasingly integrating

climate-related risks into their investment decisions, and organizations that fail to address their
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complete carbon footprint may encounter higher financing costs or constrained access to capital
(Harvard Law School, 2019; Forbes, 2025). At the regulatory level, governing bodies are
introducing more stringent disclosure requirements, with initiatives such as the Task Force on
Climate-related Financial Disclosures (TCFD) and the Corporate Sustainability Reporting
Directive (CSRD) driving greater consistency and transparency in emissions reporting practices
(Ding, Liu & Chang, 2023). In parallel, heightened public awareness of climate change has led
consumers to demand increased transparency and accountability from the companies they
support (World Economic Forum, 2024). Within this context, proactive management of Scope 3
emissions can strengthen corporate reputation, foster customer trust, and generate competitive
advantage (World Economic Forum, 2025). Moreover, such efforts align with the broader
transition toward stakeholder capitalism, in which organizations are expected to create value not
only for shareholders but also for society and the natural environment (Mejia & Kajikawa,
2024). In the energy sector, Scope 3 emissions are notably significant as the nature of the
industry’s operations. For oil and gas companies, for example, most emissions occur not during
extraction or refining, but during the combustion of fuels by end-users. This means that even if
a company reduces its operational emissions, its overall impact on the climate remains high
unless it addresses the emissions associated with its products. This has led many energy
companies to expand their focus beyond operational efficiency to include the total life cycle of
their outcomes. It covers investing in renewable energy, developing low-carbon fuels, and
supporting customers in reducing their own emissions. Industries are also exploring carbon
capture and storing equipment’s, as well as nature-based solutions like reforestation, to offset
emissions that cannot be eliminated (Osman et al., 2021; Garre, 2024).

In addition, energy companies are increasingly engaging with their supply chains to reduce
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upstream emissions. This includes working with equipment manufacturers, logistics providers,
and service contractors to increase efficiency, switch to renewable energy, and adopt sustainable
practices (Siems, Seuring and Schilling, 2023).

Several companies across industries have emerged as leaders in Scope 3 emissions
management. Unilever, for instance, has embedded sustainability into its core business strategy
and collaborates closely with suppliers to promote sustainable farming practices, reduce
deforestation, and improve energy efficiency. Through initiatives such as Project Gigaton,
Walmart aims to reduce one billion metric tons of emissions from its global value chain by 2030
by engaging suppliers and fostering innovation (Walmart Inc., 2023). Likewise, Apple has
announced its ambition to become carbon neutral across its entire business, including
supply-chain activities and product life cycles, by 2030 (Wang et al., 2025). These examples
underline the reputation of leadership, transparency, and collaboration in managing Scope 3
emissions. They also reveal that while the path to decarbonization is complex, it is navigable
with the right mix of strategy, technology, and stakeholder engagement.

The policy environment governing Scope 3 emissions is undergoing rapid transformation,
driven by increasing demands from governments, investors, and civil society for more
comprehensive and standardised emissions disclosure. As a result, organizations are facing
growing pressure to report their full carbon footprint with greater transparency and consistency.
Within the European Union, the Corporate Sustainability Reporting Directive (CSRD) requires
large enterprises to disclose environmental, social, and governance impacts, explicitly including
Scope 3 emissions as part of their reporting obligations (European Commission, 2024). In the
United States, the Securities and Exchange Commission has proposed climate-related disclosure

rules that would mandate publicly listed companies to report material climate risks and
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greenhouse gas emissions, including Scope 3 emissions where these are deemed material or
form part of an organization’s emissions reduction targets (Bloomberg, 2025). At the
international level, initiatives such as the Task Force on Climate-related Financial Disclosures
(TCFD) and the Science Based Targets initiative are establishing benchmarks for best practice
in emissions reporting and target-setting (Science Based Targets initiative, 2024; TCFD, 2024).
Collectively, these frameworks encourage organizations to align their corporate strategies with
the objectives of the Paris Agreement and to clearly demonstrate how climate-related risks and
opportunities are being identified, managed, and disclosed (Bjorn et al., 2022). To put it briefly,
Scope 3 emissions represent both the greatest challenge and the opportunity in the journey
toward corporate decarbonization. Their complexity demands a holistic and integrated approach
that encompasses measurement, engagement, innovation, and leadership. For the energy sector,
addressing Scope 3 emissions is not only a matter of environmental stewardship but also a
strategic constraint for longstanding viability in a swiftly developing global circumstances. As
the world moves toward a low-carbon future, companies that embrace the full scope of their

emissions and take decisive action will be best positioned to thrive and lead (Singh et al., 2022).

2.2.2 Organizational Intentions and Cultural Alignment
The success of decarbonization initiatives often hinges on the alignment between
organizational intentions and cultural values. When sustainability is integrated into the core
mission of a company, it becomes a steering theory for decision making at all levels. This
alignment encourages employees to view environmental responsibility not as an additional task
but as an integral part of their role. In organizations where sustainability is championed by

leadership and reinforced through policies, training, and recognition, employees are more likely
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to take initiative. For example, procurement teams may proactively seek out green suppliers,
and logistics managers may explore alternative transportation methods. These actions are not
mandated they are provoked by a shared conviction in reducing environmental impact.
Likewise, in industries where sustainability is treated as a compliance requirement rather than a
strategic priority, efforts tend to be fragmented and short lived. Employees may lack clarity on
their role in achieving environmental goals, and initiatives may struggle to gain traction. This
disconnects between stated intentions and actual behaviour underscores the importance of

cultural alignment in driving sustainable change.

2.2.3 Stakeholder Engagement and Social Expectations

External stakeholders such as investors, regulators, customers, and communities play a
substantial part in influencing executive behaviour (Wells, Lehigh, and Vidmar, 2021). Their
expectations can create powerful incentives for companies to adopt sustainable practices. For
instance, investors increasingly assess environmental performance as part of their decision-
making process. Firms that show a clear liability to decreasing emissions may gain access to
green financing or attract long term investment. Customers, too, are becoming more discerning.
They are not only interested in the quality and price of products but also in how those products
are made and delivered. Companies that can provide transparency into their supply chain
practices and demonstrate progress toward sustainability goals are more likely to earn customer
loyalty and brand trust. Regulatory bodies are also tightening requirements around emissions
reporting and reduction. Organizations that anticipate these changes and take proactive steps to
comply are better positioned to prevent penalties and continue their authority to manage. In this

context, the ability to gauge, manage emissions across the SC becomes a strategic asset.
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2.2.4 Technology Adoption and Behavioural Barriers

While technology acts a vital role in supporting decarbonization, its adoption is often
influenced by behavioural factors. Tools such as carbon accounting software, emission tracking
platforms, and data analytics systems offer valuable insights but only if they are used
consistently and effectively. Confrontation to technology acceptance can vary of sources like:
lack of awareness, fear of change, perceived complexity, or scepticism about the benefits.
Overcoming these barriers requires targeted communication, training, and support. When
employees understand how a tool aligns with their goals and simplifies their work, they are more
likely to embrace it. Moreover, involving end-users in the selection and implementation of
technology can increase buy-in. When people feel that their input is valued and that the solution
addresses their specific needs, they are more likely to engage with it. This participatory approach
not only improves adoption rates but also enhances the overall effectiveness of the technology

(Cockerham, 2024).

2.2.5 Collaborative Models for Scope 3 Emissions
Enabling this requires change from transactional to collaborative relationships with suppliers
and partners. Conventional models often prioritize cost and productivity, with limited visibility
into environmental performance. To drive meaningful change, organizations must build
partnerships based on shared values and mutual accountability (Bouchery et al., 2024).
This involves setting clear expectations, providing support and resources, and recognizing
progress. For example, companies can offer training programs to help suppliers understand

carbon accounting or co-invest in technologies that reduce emissions. They can also create
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platforms for knowledge sharing and innovation, where partners collaborate on sustainable
solutions. Incentives can also play a role. Recognizing and rewarding suppliers who demonstrate
leadership in sustainability can motivate others to follow suit. Similarly, integrating
environmental criteria into supplier evaluations and procurement decisions sends a strong signal

that sustainability is a priority.

2.2.6 Interactive Metrics and Performance Tracking

To ensure that decarbonization efforts are effective, organizations must track not only
environmental outcomes but also behavioural indicators. These include participation rates in
sustainability programs, adoption of green practices, and employee engagement levels. By
monitoring these metrics, companies can identify areas of resistance, tailor interventions, and
celebrate successes. Feedback loops are essential. Regular reporting, open communication, and
opportunities for reflection help reinforce positive behaviours and sustain momentum. When
employees and partners see that their efforts are making a difference, they are more likely to
stay committed. The behavioural dimension of supply chain decarbonization is as critical as the
technical and financial aspects. Understanding how intentions are formed, how norms influence
actions, and how culture shapes decisions provide valuable insights into the success or failure
of sustainability initiatives. This research integrates these behavioural insights into a broader
framework for reducing emissions across the supply chain, with a particular focus on the energy
sector (Niamir et al., 2020). By addressing the human side of sustainability, organizations can
move beyond compliance and toward genuine transformation. They can create environments
where sustainable choices are the default, where innovation is encouraged, and where every

stakeholder feels empowered to contribute to a low-carbon future.
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2.3 Human Society Theory

A substantial body of research has examined the carbon footprint of supply chains, with
findings widely documented in academic studies, policy reports, popular media, and business
publications (Lash & Wellington, 2007; Carbon Trust, 2006; Parry et al., 2007; Plambeck, 2012).
In addition, non-governmental organizations and regulatory authorities have demonstrated
increasing commitment to addressing supply chain related emissions (Benjaafar & Li, 2012).
However, much of the existing literature has placed limited emphasis on strategies for reducing
carbon emissions, instead focusing primarily on recycling practices, product reuse, and closed
loop supply chain concepts (Guide & Van Wassenhove, 2006a, 2006b), as well as product life
cycle management approaches (Matos & Hall, 2007; Guide & Van Wassenhove, 2009).

Greenhouse gases (GHGs) consist of carbon dioxide and other pollutant gases that
contribute to atmospheric warming (Yoro & Daramola, 2020). The Kyoto Protocol identifies six
major greenhouse gases: carbon dioxide (CO:), methane (CHa4), nitrous oxide (N20),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur hexafluoride (SFs)
(UNFCCC, n.d.). Each gas is assigned a global warming potential and aggregated to calculate
total greenhouse gas emissions expressed in carbon dioxide equivalents (COz¢e) (IPCC, 2024).
Among these gases, carbon dioxide alone accounts for approximately 70% of total greenhouse
gas emissions (Bell & Callan, 2011). These aggregated emissions are commonly referred to as
the carbon footprint, a metric used to assess the overall impact of carbon dioxide and other
greenhouse gases on the atmosphere (Pahuja, 2023). The relationship between economic growth
and environmental quality has been widely analysed using the Environmental Kuznets Curve
(EKC), which describes an inverted U-shaped relationship between economic development and
environmental degradation (Uchiyama, 2016; Villanthenkodath et al., 2024). This framework
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illustrates the complex and nonlinear interaction between economic expansion and
environmental impacts, highlighting the importance of targeted emission reduction strategies

within supply chains.
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Figure 2. Environmental Kuznets Curve representation (Source: Hossain, 2019, p. 45)

Climate change has emerged as a critical global concern, prompting extensive scientific
evaluation. One such evaluation by the Intergovernmental Panel on Climate Change highlighted
that the increasing concentration of greenhouse gases has a substantial and measurable impact
on atmospheric conditions (IPCC, 2007). In response, governments across the world introduced
policy instruments such as carbon taxation, emissions trading mechanisms, and stricter emission
standards as part of national sustainability agendas (Gonzalez et al., 2012). Corporate

accountability also gained momentum, as evidenced by disclosures in the Carbon Disclosure
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Project report, where multinational firms including Coca-Cola, Volkswagen, and Pepsi publicly
pledged to set and monitor carbon reduction targets (Carbon Disclosure Project, 2011). At the
operational level, organizations began transitioning towards cleaner transportation fleets,
environmentally friendly technologies, and low-impact production processes to minimize their
carbon footprint (Huang and Li, 2017; Depoers, Jeanjean and Jérome, 2016). Consumer
behaviour played a pivotal role in accelerating this transition, as growing environmental
awareness influenced purchasing decisions and pressured firms to adopt greener practices.
Heightened societal concern over climate risks and global warming further encouraged
businesses to integrate sustainability into their strategic planning (Gold ef al., 2010). Empirical
studies have demonstrated that such sustainability-oriented strategies contribute to lower
greenhouse gas emissions and mitigate adverse environmental effects (Gandhi et al., 2015;
Luthra ef al., 2014). Consequently, scholarly attention has increasingly focused on sustainable
supply chain management practices, including green procurement, reverse logistics, and
environmentally responsible manufacturing processes (Bai and Sarkis, 2010; Eltayeb et al.,
2011).

In lean manufacturing language, carbon emission is the new MUDA (Japanese phrase for
waste in lean practice) (Ghosh, Jha and Sharma, 2020). Hence reducing CFP, which is waste in
the supply chain life cycle that comprises of purchasing, production, warehousing,
transportation, and distribution is aligned with lean supply chain management (Ghosh, Jha and
Sharma, 2020). ReducingCO2 has become a particularly important part of the supply chain
strategies for most of the organizations. Therefore, it is in line with the supply chain management

practices (Panagiotopoulou, Stavropoulos and Chryssolouris, 2022).
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Figure 3. Sources of carbon emission (Source: Bhat, 2025)

Supply chain operations represent a major source of environmental impact, with carbon
emissions from these activities accounting for a substantial share of global emissions
(Katircioglu, 2010). Prior studies suggest that energy consumption and carbon emissions are
generated throughout a closed-loop supply chain, encompassing upstream and downstream
activities such as raw material sourcing, manufacturing, distribution, and final delivery, as well
as reverse flows involving reuse, remanufacturing, and recycling (Sarkis, 2003; Hervani et al.,
2005; Sundar Akani et al., 2010). As depicted in Figure 3, the outer boundary illustrates
emissions arising across the firm’s extended supply chain network, whereas the inner boundary

reflects emissions attributable to the life cycle of an individual product. A comprehensive
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understanding of emission sources at each stage of the extended supply chain enables
organizations to identify opportunities for mitigating their environmental footprint (Springer,
2025). Evidence also indicates a growing corporate response to climate concerns, with a
significant proportion of multinational enterprises actively addressing carbon emissions
associated with their operations (Jones, 2011). These efforts are commonly supported through
investments in energy-efficient infrastructure, equipment, and transportation assets. In addition,
firms may pursue emission reductions by optimizing supply chain decisions related to
procurement, production planning, logistics, and inventory management (Pinkse and Kolk,
2011).

Scholars have proposed a range of tools and analytical approaches to accurately measure an
organization’s carbon footprint (CFP) as part of broader sustainability objectives. Operational
strategies such as the use of shared warehouses instead of dedicated facilities have been shown
to reduce both operational costs and environmental impacts. Mallidis et al. (2012) developed a
methodology for a South-Eastern European firm and demonstrated that integrating
environmental considerations, particularly CO: emission reduction, into traditional supply chain
objectives does not result in a significant increase in overall supply chain costs. Further research
indicates that collaboration through shared warehousing and transportation systems can lower
the average level of CO: emissions generated across supply chain activities, making such
arrangements both economically viable and environmentally sustainable (Jerbi et al., 2022).

While managerial efforts have traditionally focused on controlling direct emissions, indirect
emissions occurring across supply chain networks can also substantially contribute to an
organization’s overall carbon footprint (Ghosh, Jha and Sharma, 2020; Mallidis et al., 2012). In

this context, Cordero (2013) conducted a comprehensive literature review examining existing
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technologies and decision-support strategies used to quantify carbon footprints across supply
chains, while also highlighting cost-efficient managerial interventions. Additionally, Shaw et al.
(2013) proposed a multi-objective goal programming model aimed at simultaneously
minimizing total supply chain costs alongside both direct and indirect carbon emissions in
selected industries. Their findings suggest that such models can assist managers in adjusting
operational policies to achieve reductions in logistics costs and CFP.

Economic pressures also play a critical role in driving emission reductions, as higher social
costs associated with CO. emissions can incentivize firms to actively lower their carbon
footprints (Pastor, Stambaugh and Taylor, 2024). Building on this premise, strategic
decision-making frameworks have been developed for specific sectors such as the textile
industry to support sustainable supply chain planning (Tseng and Hung, 2014). Ji et al. (2014,
as cited in Ghosh, Jha and Sharma, 2020) examined how environmental impacts and carbon
footprints can be integrated across different stages of supply chain network design. Related
studies have further analysed the effectiveness of CO: reduction strategies across production,
logistics, usage, and end-of-life disposal phases (Chen et al, 2025). Beyond operational
optimization, organizations increasingly adopt alternative sustainability methodologies to fulfil
regulatory and environmental obligations (Govindan, 2025).

Limited research has examined how environmental investments, capacity expansion, and
inventory management decisions interact within carbon cap-and-trade regulatory frameworks
(Garcia-Alvarado et al., 2016). In this context, Shaw ef al. (2016) developed a sustainable supply
chain model constrained by carbon caps and employed Benders decomposition as a solution
approach. Their model quantified total emissions generated across the supply chain while

providing insights into material and energy flows under multiple sources of uncertainty.
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Empirical findings indicate that fluctuations in carbon credit prices significantly influence the
number of production plants operated by firms, as well as associated variable costs (Xu,
Pokharel and Elomri, 2023).

To further reduce emissions, organizations are increasingly adopting advanced technologies,
such as drone-based logistics, as alternatives to conventional transportation systems (Zrelli et
al., 2024). Galve et al. (2016) analysed the life-cycle impacts of metallic and plastic waste
collection containers and examined their implications for sustainable supply chain design. Their
study proposed a mixed-integer vehicle routing model incorporating drone-assisted last-mile
delivery to enhance efficiency and reduce environmental impact. This emerging technology has
gained traction among multinational corporations, including Amazon, Google, and Walmart,
which are actively integrating drone solutions into their logistics operations (Goldman, 2025).

Sustainability considerations have also been extended to material sourcing decisions.
Hossain et al. (2019) proposed environmentally responsible procurement policies for the
construction sector in Hong Kong by identifying twelve commonly used construction materials
and estimating the greenhouse gas emissions associated with their origins (Kane, Olsson and
Miller, 2025). Their analysis demonstrated that sustainable sourcing strategies could achieve
emission reductions of up to 28 per cent in the examined scenario (Ghosh, Jha and Sharma,
2020). The study further identified optimal geographic locations for importing these materials
to minimise environmental impact (Hossain ef al., 2019, as cited in Ghosh, Jha and Sharma,
2020), reinforcing the need for increased adoption of sustainable construction materials within

supply chains (Oliveira, 2023).
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Another widely adopted sustainability practice in supply chain management is reverse
logistics, which aims to reduce environmental impact while optimising costs (Adesoga et al.,
2024). Aljuneidi and Bulgak (2019) proposed a reverse logistics framework integrated with a
hybrid manufacturing system, demonstrating its effectiveness in lowering carbon emissions and
transportation costs. Their model also supports strategic decision-making related to facility
location planning, further enhancing supply chain sustainability.

Over the past few decades, the global energy system has experienced substantial change,
largely driven by growing concerns over climate change and the need to reduce reliance on
fossil-based energy sources (et al.,2023). Rising consumption of non-renewable resources,
together with the intensifying consequences of climate change, has encouraged researchers,
policymakers, and industry stakeholders to prioritise the development and adoption of
sustainable energy solutions (Holechek et al.,2022). Within this broader transition, the energy
sector occupies a critical position, as it is both a significant contributor to greenhouse gas
emissions and a central enabler of the shift toward a low-carbon and more sustainable future
(Stankovich, 2021).

Supply chains, particularly in energy-intensive industries, are complex networks that span
across multiple geographies and involve numerous stakeholders. These networks are responsible
for a massive portion of global emissions, stemming from activities such as raw material
extraction, production, transportation (Nurdiawati and Urban, 2021). As such, decarbonizing
supply chains is not merely a regulatory or ethical obligation, it is a tactical obligation for
corporations aiming to stay competitive and resilient in a rapidly evolving market. The urgency
of this transformation has been underscored by international agreements such as the Paris

Agreement (2016), which brought together nations to commit to limiting global warming to well
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below 2°C above pre-industrial levels (Serra and Fancello, 2020). This agreement catalysed a
wave of policy reforms, corporate pledges, and technological innovations aimed at reducing
carbon footprints across all sectors. In parallel, consumer awareness and demand for
environmentally responsible products have surged, placing additional pressure on firms to
exhibit openness and be liable in their environmental practices. This literature review aims to
explore the evolution, current practices, and future directions of supply chain decarbonization
within the energy industry. It seeks to synthesize academic research and industry insights to
develop a conceptual structure for determining carbon emits across supply chain and logistics
(Ahlstrom et al., 2020). By adopting a systematic and bibliometric approach, this study provides
a comprehensive overview of how organizations are leveraging methodologies, technologies,
and strategic partnerships to build sustainable supply chains. In doing so, the review will address
several key questions:
e How has decarbonization initiatives evolved over time?
e What tools and technologies are being used to measure and reduce carbon emissions in
supply chains?
e How can energy companies align their policies with bigger sustainability targets?
e What roles do regulatory frameworks, consumer expectations, and technological
advancements play in shaping the future of sustainable supply chains?

Supply chain management is not just about managing the activities involved in delivery of
Goods and Services to the consumers; it also involves administration of complete life cycle of a
product in the Order to Cash (OTC) process flow. From an organizational perspective, assessing
how effectively each component of the supply chain fulfils its social and environmental

responsibilities is a critical consideration. A widely recognised definition of sustainable
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development was established in the report Our Common Future, published by the World
Commission on Environment and Development, which emphasised the balanced integration of
economic growth, environmental protection, and social equity (Brundtland ef al., 1987).

The concept of the triple bottom line, introduced by Elkington (1998), emphasised that
organizational success should be evaluated not only through financial performance but also
through social responsibility and environmental stewardship. From a sustainability standpoint,
supply chain management literature increasingly highlights the influential role of external
pressures, particularly those arising from government regulations and societal expectations, in
motivating industries to adopt sustainable supply chain practices (Singh ef al., 2022).

With the air quality in urban society increasingly compromised due to emissions from the
industrial sector, transportation, and domestic consumption, one key indicator of declining air
quality is the rise in CO2 emissions, which significantly contribute to greenhouse gases (GHG)
(Harvard T.H. Chan School of Public Health, n.d.). There is growing consensus that carbon
emissions impact Earth’s atmospheric structure (IPCC, 2021). In response, countries are
initiating zero carbon emission targets through strict legislation to control these emissions

(UNFCCC, 2023).
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Industries across the globe are reacting to such legislation and to concerns raised by
customers and shareholders by commissioning plans to reduce their carbon footprint (CDP,
2022). Although these initiatives often focus on emission reductions in core manufacturing
processes, products, and services, they tend to overlook significant sources of emissions driven
by industrial practices and operational policies(World Economic Forum, 2021).These include
decisions such as supply frequency, mode of transport, and the selection of vendors who are
already on the path to reducing their net carbon footprints (World Economic Forum, 2021). This
research synthesizes the literature on sustainable supply chain practices and carbon foot printing
(CFP), incorporating emerging trends and technologies. It addresses how the energy industry

should measure carbon emissions within their supply chain processes and achieve net-zero goals
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(IEA, 2022). The paper focus is not on introducing modern theoretical concepts, instead it seeks
to draw attention to a promising and timely area of application that holds growing relevance in
today’s world. Accordingly, this paper is intended to serve as a catalyst for discussion rather
than as an exhaustive or definitive examination of the subject (Meredith, 1993).

Studies in this area reveal that consumer demand from wealthier nations significantly
contributes to biodiversity loss in developing regions (Lenzen et al., 2012). Due to strict
environmental regulations, many developed countries avoid producing goods that result in high
carbon emissions, effectively outsourcing the environmental burden to less regulated economies
(Lenzen et al., 2012). Directly to this, people opt to import goods from countries where
environmental regulations are comparatively less stringent, effectively shifting the ecological
burden to regions with more relaxed oversight. Driven by strong consumer interest in Mexican
coffee in the United States, the study explored the broader environmental consequences of
meeting that demand. It shed light on how global supply chains contribute to biodiversity loss
and underscored the critical consequence of push in sustainability into every step of the process
(Habibullah et al., 2021). Henders et al. (2015) found that international trade in major
agricultural commodities was a dominant driver of tropical deforestation during the period from
2000 to 2011. Their analysis examined both demand-side and supply-side policy approaches,
revealing that the growing appetite of global consumers plays a significant role in driving
international trade patterns (Lenzen et al., 2012). Several studies have linked global supply chain
activities, particularly metal imports, to adverse environmental outcomes, identifying them as
contributing factors to increased carbon emissions and ecological degradation (Murugaiyan et
al., 2025). In response, these authors developed a data-driven analytical framework to assess

sustainability performance within the metal industry and proposed forward-looking hypotheses
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concerning emission reduction pathways. However, empirical evidence suggests that a
considerable number of firms fail to disclose their carbon emission data and lack transparency
within their supply chain networks (Caritte et al., 2015). Enhanced sustainability reporting
practices and the enforcement of stringent environmental regulations have been identified as
effective mechanisms for compelling organizations to reduce their carbon footprints and overall
greenhouse gas emissions (Caritte ef al., 2015).

Progress toward improved disclosure has been observed in certain contexts. For instance, a
report revealed that in 2013, several large U.S. corporations successfully reported approximately
22 per cent of their supply chain-related carbon emissions, highlighting both progress and
significant opportunities for improving emission measurement accuracy (Blanco ef al., 2016).
To better understand organizational practices, Kara et al. (2014) conducted a large-scale survey
involving 330 manufacturing firms across multiple countries to examine the extent of
sustainability adoption in real operational settings. Complementing this work, recent studies
have proposed strategic supply chain frameworks that align operational decision-making with
evolving environmental standards, thereby supporting the development of efficient yet
environmentally responsible products through centralized coordination across structured supply
chain layers (Villena and Gioia, 2020; Fan, Wang and Zhao, 2018; Bhavani, Mahapatra and
Kumar, 2023). Methodological advancements have also enabled more precise estimation of
product-level carbon footprints within sustainable supply chains. Ghosh, Jha and Sharma (2020)
successfully quantified product carbon footprints across supply chain stages and validated their
approach using agricultural irrigation equipment that integrates water and fertilizer application,
demonstrating its practical applicability. In developed economies, policy instruments such as

progressive emission taxation have proven effective in incentivizing firms to reduce their carbon

56



footprints within supply chain operations (He ef al., 2019). Building on this approach, He et al.
(2023) introduced a mathematical framework incorporating multiple environmental regulations
alongside a dynamic emission tax structure to encourage environmentally conscious operational
choices. Related research has examined how regulatory interventions influence product design
decisions, consumer demand patterns, aggregate emissions, and the economic performance of
supply chains (Wang and Wang, 2025; Ghosh, Jha and Sharma, 2020).

Beyond regulatory measures, scholars and industry practitioners increasingly emphasize the
importance of transparency and information sharing in reducing supply chain carbon footprints.
A well-integrated supply chain network can be achieved when key stakeholders—including
suppliers, retailers, and other partners—actively share operational challenges and strategic
decisions across the entire chain (SCM Globe, n.d.). Open dialogue between producers and
consumers further supports sustainability objectives, as rising environmental awareness has led
consumers to demand products that reflect responsible practices and reduced ecological impact
(Duan, Aloysius and Mollenkopf, 2022; Reichheld, Peto and Ritthaler, 2023). Achieving
meaningful transparency and integration requires coordinated engagement among diverse
stakeholders, which is essential for balancing economic performance with environmental
protection and social responsibility (Dahlmann and Roehrich, 2019). Despite the growing body
of research, much of the sustainable supply chain literature remains concentrated on developed
economies, with comparatively limited attention devoted to challenges and practices in
developing regions. Recent studies have primarily focused on three major industrial domains:
the food sector, electrical and chemical industries, and energy-related enterprises (Singh et al.,

2022).
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2.4 Summary

The literature on sustainable supply chains and carbon footprint (CFP) management reveals
a complex and evolving landscape, shaped by growing environmental concerns, regulatory
pressures, and the increasing demand for corporate accountability (Villena and Gioia, 2020). One
of the most persistent challenges associated within the reviewed studies is the absence of high-
quality, standardized data. This issue presents a significant obstacle not only for researchers and
practitioners but also for regulators and investors who depends on reliable and similar data to
assess performance, enforce compliance, and guide investment decisions (Blackhurst, Cantor and
O’Donnell, 2015). The absence of a universal benchmark or standardized methodology for
emissions reporting has created a fragmented data environment. Companies often rely on
disparate data sources, each with varying levels of granularity, accuracy, and reliability. Emission
profiles are composed of numerous data points, many of which are difficult to quantify or verify.
For instance, collecting emissions data from vendors, identifying the precise sources of emissions
across complex supply chains, and applying consistent quantification methodologies remain
formidable tasks (Ghosh, Jha and Sharma, 2020). These challenges are further compounded by
the lack of harmonized regulatory frameworks and the diversity of emissions data management
systems available in the market. While several robust platforms exist, their outputs are not always
directly comparable due to differences in underlying assumptions, data structures, and reporting
standards. This lack of interoperability makes benchmarking performance across organizations
and jurisdictions particularly difficult. Despite these challenges, the literature also highlights a
growing momentum toward improvement and innovation. The drive for change is being propelled
by a diverse set of stakeholders, each exerting influence in different ways. Industry actors have
been pursuing emissions reduction strategies for over a decade, often motivated by corporate
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social responsibility (CSR) commitments and the desire to align with global sustainability goals
(Villena and Gioia, 2020).These efforts have been supported by a growing body of academic
research that seeks to understand, model, and optimize sustainable supply chain practices(Ghosh
et al., 2020 ; Hasan et al., 2024). This literature review has synthesized a wide range of studies
that explore the intersection of supply chain management and carbon footprint reduction. It has
brought to light several key managerial insights and theoretical contributions that are valuable for
both practitioners and future researchers. One of the central findings is the recognition of carbon
regulation as a critical tool for driving sustainable growth. Regulatory frameworks, when
effectively designed and implemented, can provide the necessary incentives and constraints to
guide organizational behavior toward lower emissions (Blackhurst, Cantor andO’Donnell, 2015).
The review also examined various modeling approachesboth quantitative and qualitativethat have
been employed to aid informed choices in managing environmentally responsible supply
chains.These models range from life cycle assessments and input-output analyses to simulation-
based and optimization frameworks (Ghosh, Jha and Sharma, 2020). A notable trend observed in
the literature is the increasing attention on newfound tools and technologies intended at enhancing
the sustainability of existing supply chains. Since 2010, there has been a marked increase in
research dedicated to the target and application of innovative solutions for emissions reduction.
These include digital platforms for emissions tracking, blockchain-based systems for supply
chain transparency, and artificial intelligence applications for predictive analytics and
optimization. While these technologies hold great promise, their adoption remains uneven, and
additional investigation is required to assess their elongated success and scalability. Another
important insight from the review is the identification of significant research gaps. While much

of the existing literature has concentrated on ecological and financial dimensions of
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sustainability, relatively few studies have addressed the social aspects (Sybertz, 2017). Social
sustainability, which encompasses issues such as human rights, community engagement, and
equitable approach to reserves, is an integral component of the broader sustainability agenda.
However, it remains underexplored in the context of supply chain management(Singh et al.,
2022).

As public concern about climate change has grown, consumers have become more
discerning in their purchasing decisions. This shift in consumer behavior has placed additional
pressure on companies to show their commitment to sustainability and to provide transparent
information about the ecological effect of their operations (Villena and Gioia, 2020). One of the
most pressing issues is the limited consideration of uncertainty in sustainable operations. Many
existing models and frameworks assume stable conditions and predictable outcomes, which may
not reflect the realities of dynamic and often volatile supply chain environments. The COVID-
19 pandemic has underscored the importance of resilience and adaptability in supply chain
management(Wang, 2023). It has exposed vulnerabilities in global logistics networks and
highlighted the need for more robust systems that can withstand disruptions while maintaining
sustainability goals (Sybertz, 2017). Future research should therefore place greater emphasis on
incorporating uncertainty and risk management into sustainability models. Another limitation
of the current body of literature is its reliance on a relatively narrow set of data sources. While
Scopus is one of the largest and most comprehensive academic databases, it does not capture
the full breadth of research being conducted in this field(El Baz and 1ddik, 2021). As such, the
findings presented here should be interpreted as indicative rather than exhaustive. There remains
a vast and growing body of work that has yet to be systematically reviewed and synthesized

(Ghosh, Jha and Sharma, 2020).
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In conclusion, the literature on sustainable supply chains and carbon footprint management
presents a rich and multifaceted field of inquiry. It reveals both the disputes and prospects
associated with transitioning to additionalmaintainablemeans of manufacturing. The lack of
standardized data and methodologies continues to hinder progress, but there is a clear trajectory
toward greater integration, innovation, and accountability(El Baz and Iddik, 2021). Industry
leaders, policymakers, researchers, and consumers all have a role to play in advancing this
agenda. By fostering collaboration, investing in research and development, and promoting
transparency and inclusivity, it is possible to build supply chains that are competent, resilient
and socially responsible (Blackhurst, Cantor and O’Donnell, 2015).

As the global community moves toward more ambitious climate targets, the importance of
comprehensive and actionable research in this area will only grow. Future studies should aim to
bridge existing gaps, particularly in the areas of social sustainability, uncertainty modeling, and
the longstanding effects of emerging technologies(Qu and Kim, 2024). They should also strive
to develop more inclusive and context-sensitive frameworks that reflect the diverse realities of
supply chains across different regions and sectors. Only through such concerted efforts can we
hope to achieve the transformative change needed to safeguard a sustainable and rightful future

for all (Villena and Gioia, 2020).
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CHAPTER III:

METHODOLOGY

3.1 Overview of the Research Problem

Climate change is no longer a distant threat, it is a reality we are facing right now, and
greenhouse gas (GHG) emissions are at the heart of it. Over the past few decades, the steady
rise in emissions, especially carbon dioxide, has been driving global temperatures upward.
Scientists and climate experts have made it clear that if we want to sidestep the vilest effects of
environmental variation, we need to act fast and decisively. The core objective is to reduce
carbon emissions by up to 80% from the levels recorded in the year 2000, and to do so by 2050.
This threshold is not arbitrary; rather, it represents the level required to limit the increase in
global average temperatures to below 2 °C relative to pre-industrial levels (UNFCCC, 2015).
If we go beyond that threshold, we risk triggering a range of dangerous and unpredictable
consequences, from extreme weather events to disruptions in ecosystems and human livelihoods
(Ghosh, Jha and Sharma, 2020).

Despite increasing global awareness and the establishment of international agreements such
as the Paris Accord, existing governmental policies and implementation efforts remain
insufficient to meet climate targets. Progress has been slow, and the magnitude of change
required to effectively address climate challenges is substantial. Under these circumstances,
businesses—particularly those operating within the energy sector—play a critical role in
accelerating the transition toward a low-carbon economy (Centre for Climate and Energy
Solutions, 2024). Companies have the resources, innovation capacity, and influence to drive
meaningful change. They can lead the way in cutting emissions not just because it is the right

thing to do, but because it is becoming a business imperative in a world that is rapidly shifting
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toward sustainability (Villena and Gioia, 2020). In the energy sector, the challenge is
particularly complex. The industry deals with a wide range of products liquid fuels for
transportation, natural gas (both piped and liquefied), and electricity generated from both fossil
fuels and renewables like solar and wind. Each of these products has its own carbon footprint
and understanding that footprint requires a detailed look at the total life span from
manufacturing, processing, distribution and final use. To address this, we have developed a
methodology that allows us to quantify and track GHG emissions across the complete lifetime
of these energy products (GHG Protocol, 2011). What makes this approach comprehensive is
that it does not just focus on what is produced in house; it also includes products sourced from
third parties that are eventually sold to customers. This gives us a clearer picture of the total
emissions associated with our energy portfolio (Blackhurst, Cantor and O’Donnell, 2015).
However, even with this detailed life cycle analysis, there is still a major blind spot: indirect
emissions. These are the emissions that do not come directly from producing or using energy,
but from all the supporting activities that make energy production and distribution possible.
Think of the supply chains that provide raw materials, the manufacturing of equipment, the
logistics involved in moving products, and even the services outsourced to other companies.
These emissions, often referred to as Scope 3 emissions, are harder to measure and manage but
they can be just as significant, if not more so, than direct emissions (Ghosh, Jha and Sharma,
2020). Right now, there is no standardized or widely adopted methodology for tackling these
indirect emissions in a way that is both practical and effective. This is a serious gap, especially
for companies that are genuinely committed to reducing their overall carbon footprint. Without
an obvious way to measure and manage these emissions, it is difficult to set meaningful targets

or track progress. More importantly, it is hard to make the kind of systemic changes needed to
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truly decarbonize the energy sector. This investigation intends to address that gap. The goal is
to explore how we can go beyond just measuring emissions and start identifying actionable
strategies to reduce them especially those that are embedded deep within the supply chain. This
involves looking at how companies can work with suppliers, redesign processes, and adopt
modern technologies to cut emissions at different levels of the business processes. It is not just
about internal changes; it is about creating a ripple effect that influences the entire ecosystem
around energy production and distribution (Sybertz, 2017). What makes this challenge even
more interesting is that it is not just a technical problem it is also a strategic and organizational
one. Reducing indirect emissions requires companies to rethink how they operate, how they
make decisions, and how they engage with partners and stakeholders. It calls for a shift in
mindset, where sustainability becomes a fundamental portion of business tactic rather than a
complement. It also means investing in innovation, whether that is through cleaner technologies,
smarter logistics, or better data systems for tracking emissions.

The research problem at hand is about bridging the gap between ambition and action. We
know what is required to overcome climate impacts, and we have some of the tools to do it. But
to make real progress, especially in the energy sector, we need to develop new ways of
understanding and managing the full spectrum of emissions including those that are currently
hidden in the background. This research is a step toward that goal, aiming to contribute practical

insights and solutions that can help companies lead the way in building a low-carbon future.

64



3.2 Operationalization of Theoretical Constructs

Temperature variation is a major threat, it is a truth we are facing right now, and
greenhouse gas (GHG) emissions are at the heart of it. Over past few decades, steady rise in
emissions, especially carbon dioxide, has been driving global temperatures upward. Scientists
and climate experts have made it clear that to prevent the most severe consequences, we need to
act fast and decisively. A central global objective is to achieve a reduction of up to 80 per cent in
carbon emissions relative to levels recorded in the year 2000, with a target horizon extending to
2050 (United Nations, 2024). This target is not arbitrary; rather, it reflects the scale of emission
reductions required to limit the increase in global average temperatures to below 2 °C when
compared with pre-industrial levels (UNFCCC, 2015). If we go beyond that threshold, we risk
triggering a range of dangerous and unpredictable consequences, from extreme weather events to
disruptions in ecosystems and human livelihoods (Ghosh, Jha and Sharma, 2020).

Despite growing awareness and global contracts like the Paris Concurrence, the reality is
that current government policies and actions are falling short. The current rate of progress
remains inadequate, while the magnitude of change required to achieve sustainability objectives
is substantial. Under these conditions, the involvement of businesses—particularly those
operating within the energy sector—has become increasingly important (United Nations, 2025;
World Economic Forum, 2020). Corporations possess significant financial resources,
technological capabilities, and market influence that position them to drive impactful change.
Emission reduction initiatives are therefore no longer solely driven by ethical considerations but
are increasingly recognised as strategic imperatives, as firms adapt to an economic landscape that

is rapidly transitioning toward sustainability-oriented practices (Villena and Gioia, 2020).

65



In the energy sector, the challenge is particularly complex. The industry deals with a wide
range of products liquid fuels for transportation, natural gas (both piped and liquefied), and
electricity generated from both fossil fuels and renewables like solar and wind. Each of these
products has its own carbon footprint and understanding that footprint requires a detailed look at
the complete tenure from order to cash flow. To address this, we have developed a methodology
that allows us to quantify and track GHG emissions across the full life cycle of these energy
products (IPCC, 2019; UNFCCC, 2025). What makes this approach comprehensive is that it
does not just focus on what is produced in house; it also includes products sourced from third
parties that are eventually sold to customers. This gives us a clearer picture of the total emissions
associated with our energy portfolio (Blackhurst, Cantor and O’Donnell, 2015). However, even
with this detailed life cycle analysis, there is still a major blind spot: indirect emissions. These
are the emissions that do not come directly from producing or using energy, but from all the
supporting activities that make energy production and distribution possible. Think of the supply
chains that provide raw materials, the manufacturing of equipment, the logistics involved in
moving products, and even the services outsourced to other companies. Scope 3 emissions are
harder to measure, manage but they can be just as significant, if not more so, than direct
emissions (Ghosh, Jha and Sharma, 2020).

Right now, there is no standardized or widely adopted methodology for tackling these
indirect emissions in a way that is both practical and effective. This is a serious gap, especially
for companies that are genuinely committed to reducing their overall carbon footprint. Without
an obvious way to measure and manage these emissions, it is difficult to set meaningful targets
or track progress. More importantly, it is hard to make the kind of systemic changes needed to

truly decarbonize the energy sector. This research aims to address that gap. The goal is to explore
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how we can go beyond just measuring emissions and start identifying actionable strategies to
reduce them especially those that are embedded deep within the supply chain. This involves
looking at how companies can collaborate with suppliers, redesign processes, and adopt modern
technologies to cut emissions at various levels in the organization. It is not just about internal
changes; it is about creating a ripple effect that influences the entire ecosystem around energy
production and distribution (Sybertz, 2017).

In the context of this research, operationalizing the theoretical construct of carbon emissions
reduction, particularly Scope 3 emissions, requires translating broad sustainability goals into
measurable, actionable processes. Scope 3 emissions refer to indirect greenhouse gas emissions
that occur throughout a firm’s value chain and are widely recognised as the most challenging to
quantify and manage (Greenhouse Gas Protocol, 2011). Unlike emissions generated directly
from an organization’s own facilities or energy use, these emissions originate from upstream and
downstream activities, including the manufacture of purchased goods and services, logistics and
transportation, waste management, and the use phase of products sold to customers (EPA, 2025).

For oil and gas companies, which operate within vast and intricate supply chains, addressing
Scope 3 emissions is critical encounter but can be a tactical chance (IPIECA, 2016). To bring
this concept into a practical framework, this study begins by identifying a representative sample
of the global oil and gas industry. The top ten companies by market capitalization in 2025Saudi
Aramco, ExxonMobil, Chevron, Shell, PetroChina, Total Energies, ConocoPhillips, BP,
CNOOC, and Equinor form the core of this analysis. These companies not only dominate the
global energy landscape but also serve as benchmarks for industry practices, innovation, and

sustainability leadership.
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Within each of these companies, the focus narrows to their top ten vendors. These vendors
are selected based on procurement spending, strategic importance, and the frequency of
transactions. They typically supply critical components, equipment, and services such as drilling
tools, compressors, turbines, valves, instrumentation, and maintenance services. Among
these, fast-moving spares items that are frequently purchased, replaced, or consumed in
operations are particularly significant (IEA, 2022). The operationalization process begins with
the classification and integration of procurement data. This involves extracting spent data from
ERP systems such as SAP or Oracle, which serve as the central repositories for purchasing
transactions. Each line item in the spend data is mapped to a material or service category,
vendor, and cost center. This classification is essential for understanding what is being bought,
from whom, and for what purpose (Accenture, 2021).

Once the spend data is structured, it is linked to emission factor databases. Emission factors
represent the average emissions related to creating a component of a given material. These
factors can be sourced from publicly available databases such as the UK DEFRA, EPA, or
Ecoinvent, or from proprietary product life cycle databases maintained by the companies
themselves (DEFRA, 2023).

A critical aspect of this methodology is the treatment of fast-moving spares. These items,
due to their high turnover and operational criticality, offer a unique opportunity for emissions
tracking and reduction. By focusing on these spares, companies can execute directed
involvements such as swapping to lower-emission alternatives, optimizing inventory levels, or
consolidating suppliers to improve efficiency (WBCSD, 2022). To safeguard the precision and
relevance of emissions information, consistent reporting practices, clear guidelines are essential,

the underlying databases must be refreshed regularly. A monthly refresh cycle is recommended
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to capture changes in procurement patterns, vendor performance, and emission factors. This
requires the automation of data extraction, transformation, and loading (ETL) processes,
minimizing manual intervention and reducing the risk of errors (PwC, 2021).

The entire process must align with recognized standards and frameworks to ensure credibility
and comparability. The Greenhouse Gas Protocol, jointly established by the World Resources
Institute and the World Business Council for Sustainable Development, serves as the primary
global framework for accounting and reporting Scope 3 emissions (Greenhouse Gas Protocol,
2011). Beyond measurement, the study explores the potential for scaling up decarbonization
technologies within the energy sector. This includes reviewing emerging solutions such as
carbon capture and storage (CCS), hydrogen fuel systems, electrification of operations, and
digital tools for emissions monitoring (IEA, 2022). Ultimately, this work contributes to the

universal struggle to achieve net-zero carbon releases and build a more justifiable energy future.

3.3 Research Purpose and Questions

The global energy system is undergoing a profound transformation, driven by the urgent
need to address climate change and accelerate the transition toward sustainable, resilient, and
low-carbon energy economies (World Economic Forum, 2025; IEA, 2025 Among the numerous
challenges associated with the transition to a low-carbon economy, one of the most complex and
least explored issues is the measurement and management of carbon emissions across supply
chains, particularly Scope 3 emissions. These emissions originate beyond an organization’s
direct operational boundaries and frequently represent the largest share of a firm’s overall carbon
footprint (EPA, 2025). However, their dispersed nature across upstream and downstream

activities, combined with the absence of consistent and standardized measurement frameworks,
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makes Scope 3 emissions especially difficult to quantify and manage effectively.

This research is motivated by the need to bridge this critical gap. It aims to develop a
structured, scalable, and practical methodology for measuring and managing carbon emissions
across the supply chain, with a specific focus on Scope 3 emissions. The study is grounded in
the real-world context of the energy industry, where companies are increasingly committing to
ambitious net-zero targets. For instance, in 2017, my organization publicly pledged to reduce
the net carbon footprint of its energy products by 100% by 2050. This commitment aligns with
the global climate goals outlined in the Paris Agreement and reflects a broader industry shift
toward sustainability (Shell, 2017; Nature, 2025). However, achieving such a goal requires more
than internal operational changes it demands a comprehensive understanding of emissions
across the entire value chain. As many organizations have made progress in reducing direct
emissions (Scope 1 and 2), emissions linked to indirect activities often referred to as Scope
3continue to be a major area of oversight. These include the environmental impact of purchased
materials and services, logistics and transportation, operational waste, corporate travel,
employee commuting, and how products are used after being sold. In the energy sector, these
emissions are particularly complex due to the scale and diversity of operations, the global nature
of supply chains, and the reliance on third-party vendors and logistics providers (GHG Protocol,
2013). To address this complexity, a methodological approach is essential. This research
proposes a framework that integrates procurement data, emission factor databases, and carbon
accounting tools to enable systematic tracking of discharges within the SC domain. The
procedure is devised to be adaptable to different organizational contexts, scalable across global
operations, and aligned among internationally acknowledged paradigms such as the Greenhouse

Gas (GHG) Protocol (GHG Protocol, 2013).
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The study focuses on the top ten global oil and gas companies by market capitalization in
2025, these companies represent a sizeable portion of global energy production and are at the
forefront of industry efforts to Decarbonize. Within each company, the research narrows its
focus to their top ten vendors, selected based on procurement spend, strategic importance, and
operational relevance. A key element of the research is the analysis of fast-moving spares
components and materials that are frequently purchased, replaced, or consumed in operations.
These items, while often overlooked in traditional emissions accounting, represent a substantial
share of procurement activity and are ideal candidates for emissions tracking due to their high
volume and repeatability. By analysing emissions associated with these spares, the analysis
focuses to recognize patterns, hotspots, and prospects for emissions reduction. The chief
objective of this analysis is to develop a formalized process for carbon footprint measurement
within the supply chain. This includes:

Data Classification and Integration: Structuring procurement data from ERP systems to
identify what is being purchased, from whom, and in what quantities. This data is then linked
to emission factor databases to estimate the carbon footprint of each transaction.

Tool Evaluation and Integration: Assessing the capabilities of carbon accounting software and
emission factor databases and exploring how these tools can be integrated into existing
enterprise systems to enable automated and continuous emissions tracking.

Supplier Engagement and Data Collaboration: Developing strategies for engaging suppliers to
obtain primary emissions data, and establishing protocols for data sharing, validation, and
improvement.

Fit-Gap Analysis of Decarbonization Solutions: Reviewing existing decarbonization

technologies and evaluating their applicability to the energy sector, with a focus on identifying
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gaps and opportunities for innovation.

Framework Development: Synthesizing the findings into a comprehensive, scalable
framework that organizations can adapt to measure, monitor, and mitigate supply chain
emissions.

To guide the methodological development, the research is structured around three core
questions: Firstly, how can a standardized and scalable methodology be developed to measure
Scope 3 emissions across the supply chain, using procurement spend data and emission factor
integration as the primary inputs?

This question addresses the foundational challenge of emissions measurement. It explores
how organizations can leverage existing data sources particularly financial spend data to
estimate emissions in a consistent and scalable manner. The focus is on developing a
methodology that is rigorous and practical, capable of being implemented across diverse supply
chain contexts. Secondly, what are the key technical and organizational challenges in embedding
carbon accounting tools into existing enterprise systems, and how can these be directed to
safeguard reliable, continuous emissions tracking?

This question examines the integration of emissions tracking tools into business operations.
It considers the technical requirements for system integration, the data quality and governance
issues that may arise, and the organizational changes needed to support adoption and use. The
goal is to identify best practices and design principles that can facilitate seamless integration.
Finally, how can supplier engagement and data collaboration be structured to progress the
correctness and fullness of emissions statistics, particularly for frequently procured items such
as fast-moving spares? This question focuses on the human and relational aspects of emissions

tracking. It explores how companies can work with their suppliers to obtain more precise
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emissions facts, build trust, and foster a culture of transparency and collaboration. It also
considers the role of incentives, standards, and digital platforms in enabling effective data
exchange.

This study employs a mixed-methods research design that integrates quantitative data
analysis with qualitative evidence drawn from industry reports, case studies, and expert
interviews (Liu and Zhang, 2024). The quantitative component engages the extraction and
analysis of procurement data from ERP systems, the application of emission factors, and the
modelling of emissions across distinct categories and vendors. The qualitative component
includes an evaluation of present literature on carbon accounting, sustainability reporting, and
supply chain management, as well as interviews with procurement professionals, sustainability
officers, and technology providers.

The study also includes a pilot implementation of the proposed methodology within a
selected business unit or supply chain segment. This pilot will test the feasibility of the approach,
identify practical challenges, and provide feedback for refinement. The results of the pilot will
inform the final framework and recommendations.

To enhance methodological robustness and ensure consistency across studies, this research
framework is aligned with the Greenhouse Gas Protocol’s Corporate Value Chain (Scope 3)
Accounting and Reporting Standard. This standard offers structured guidance for identifying
relevant emission sources, choosing appropriate calculation approaches, gathering reliable data,
and transparently reporting results. In addition, the study considers coherence with
complementary frameworks and standards, including the Science Based Targets initiative
(SBTi), the Task Force on Climate-related Financial Disclosures (TCFD), and ISO 14064, to

strengthen credibility and comparability of the findings.
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The research is focused on making several contributions to both academic knowledge and
industry practice:

Theoretical Contribution: By operationalizing the concept of Scope 3 emissions measurement,
the analysis spreads the perception of how indirect emissions can be quantified and managed
within complex supply chains.
Methodological Contribution: The research provides a replicable methodology for emissions
tracking that can be adapted to different organizational contexts and industry sectors.
Practical Contribution: The study offers actionable insights and tools that firms can use to
augment their sustainability performance, meet regulatory requirements, and build competitive
advantage.
Strategic Contribution: By underscoring the importance of procurement and supply chain
functions in decarbonisation initiatives, this study demonstrates how sustainability can be
embedded within an organization’s core business strategy.
By implementing a structured and scalable methodology for emissions measurement, the study
seeks to empower organizations to take meaningful action toward their net-zero goals. Through
a combination of data analysis, tool integration, and stakeholder engagement, the study
supports a comprehensive structure for supply chain decarbonization (Sindhwani et al., 2023).
It is a step toward a more transparent, accountable, and sustainable energy future one where

emissions are not just measured, but actively managed and reduced.
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3.4 Research Design

The research design is guided by the objective of developing a practical and scalable
approach for measuring and managing Scope 3 carbon emissions across supply chains, with
particular emphasis on the energy sector (Teske ef al., 2022). Given the inherent complexity of
indirect emissions and the wide range of activities involved across supply chain networks, a
well-structured research design is essential to maintain analytical focus, methodological rigor,
and alignment with the study’s overarching aims. Accordingly, this research adopts a
qualitative-dominant, multi-approach design that integrates data-driven analysis with the
development of a conceptual framework. This approach seeks to bridge the gap between
theoretical perspectives and real-world implementation, enabling organizations to
operationalize carbon accounting and tracking practices in a manner that is both practical and
decision-oriented (Greenhouse Gas Protocol, 2011).

The starting point of the research design involves clearly distinguishing the scale and
limitations of the study. This includes detecting the operational limits within which emissions
will be assessed. The study spotlights on the leading ten global oil and gas enterprises, selected
based on their market capitalization and influence in the energy sector. These companies serve
as a representative sample for understanding how large-scale energy producers manage their
supply chain emissions (IPIECA and API, 2016). Within each company, the research narrows
its focus to their top ten vendors, chosen based on procurement spend and operational relevance.
The analysis is further refined by concentrating on fast-moving spares components and materials
that are frequently procured and replaced in operational settings. These items, while often small
in individual value, collectively represent a sizeable portion of procurement activity and are

ideal for emissions tracking due to their high volume and repeatability (IEA, 2022).
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The core of the research design rests in the development of a methodological framework that
integrates procurement spend data with emission factor databases to estimate the carbon
footmark of procured products. The rationale for using spend data is based on its availability,
granularity, and alignment with procurement processes (Accenture, 2021). By linking financial
transactions to emission factors, the study creates a scalable model for estimating emissions
across diverse categories and vendors. Emission factors are sourced from recognized databases
such as DEFRA (2023), Ecoinvent (2023), and the U.S. EPA (2023), as well as from proprietary
life cycle assessment tools where available. In cases where emission factors are not readily
available, the study explores the potential for supplier engagement to obtain primary emissions
data. This dual approach combining standardized factors with supplier-specific data enhances
the accuracy and credibility of the emissions estimates.

A significant aspect of the research involves evaluating how carbon accounting tools can be
embedded into existing enterprise systems such as SAP and Oracle. This includes assessing the
technical requirements for integration, the quality and structure of available data, and the
organizational readiness for adopting such tools (SAP, 2024; Oracle, 2024). The goal is to
develop a methodology that not only provides accurate emissions estimates but also supports
continuous monitoring and improvement. This part of the research is informed by both literature
review and practical case studies, drawing on industry reports, academic publications, and
interviews with sustainability professionals to appreciate the recent state of carbon accounting
and gaps that need to be addressed (PwC, 2021).

Given the importance of supplier data in Scope 3 emissions accounting, the research also
places significant emphasis on supplier engagement. This involves developing strategies for

obtaining emissions data from vendors, building trust, and fostering collaboration. The study
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explores different models of engagement, including data-sharing agreements, supplier
scorecards, and joint sustainability initiatives. It also considers the role of digital platforms in
facilitating supplier collaboration, enabling companies to work more effectively with their
supply chain partners (WBCSD, 2022). By integrating supplier engagement into the research
design, the study ensures that the emissions measurement framework is grounded in real-world
practices and capable of driving meaningful adjustment.

To assess the possibility and ability of the proposed methodology, the research includes a
pilot implementation within a selected business unit or supply chain segment. This pilot serves
as a proof of concept, allowing the researcher to apply the framework in a controlled
environment, identify practical challenges, and refine the approach based on feedback. The pilot
involves collecting procurement data, applying emission factors, engaging with suppliers, and
using carbon accounting tools to estimate emissions. The results are analysed to assess the
accurateness, usability, and scalability of the practise. This iterative process ensures that the
final structure is both theoretically robust and practical.

The research design is closely aligned with the overarching objectives of the study. It
supports the development of a formal process for carbon footprint measurement, the evaluation
of existing tools and technologies, and the identification of integration challenges. It also
provides a foundation for exploring decarbonization strategies, including the use of renewable
energy, digital technologies, and advanced analytics(GHG Protocol, 2023; IEA, 2024; World
Economic Forum, 2023). By combining conceptual development with empirical analysis, the
research design links the gap between model and exercise. It offers a comprehensive approach
to Scope 3 emissions accounting that is grounded in industry realities and aligned with global

sustainability standards. Altogether information used in the study will be anonymized and
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managed in agreement with organizational and academic guidelines. Supplier engagement will
be conducted transparently, with informed consent and respect for proprietary information.
Limitations of the investigation covers the accessibility and quality of emissions figures, the
variability of emission factors across regions and industries, and the challenges of scaling the
methodology across different organizational contexts. These limitations are acknowledged and
addressed using multiple data sources, stakeholder engagement, and iterative validation.

In conclusion, the research design provides a structured and thorough methodology to
assessing Scope 3 emissions in the energy sector. By focusing on procurement data, emissions
modelling, tool integration, and supplier collaboration, the study aims to develop a practical and
scalable methodology for carbon footprint measurement. The design is justified in real-world
encounters, advised by best practices ensuring that the outcomes of the research are both
academically rigorous and operationally relevant. This design not only supports the achievement
of the thesis objectives but also contributes to the larger objective of enabling organizations to

modify their business to support justifiable and low-carbon future.
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» Come up with specific targets and purposes for the Scope 3 tracking
Define * Cost vs Benefit and other incentives with this innovation.

Strategic » Regulatory or Legal expectations regionally and the targets set
Goals

* What is the scope of the emission 3
 Are we going to track only C02 or other emissions like CH4, N20, SF6, PFCs, HFCs.

Define * Which region we want to track and for what business areas.
Boundaries

* Onboarding of Vendors to share their emissiond data
* Technology partners for Data Integrations, Reporting and Tracking of emission

Partnering

* Data Collection on How much we spend on what, where, how and why.
* Vendor data, Spend data, Emission factors commodity codes.

Data » Data Assurance - Aims on completeness, Quality of the Data gathered
collection

 Action oriented reporting, Insights that are actionable for business.
* Freshness of the reports, report logic/calculations and results are clear and in a structured format.

IDESTOB « Publisize the reports
Reporting

Table 2: Research Design steps for Supply Chain Decarbonization, (Bhat Venugopal, 2025)
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3.5 Population and Sample

To conduct a meaningful and representative analysis of carbon emissions within the energy
sector’s supply chain, this study focuses on a carefully selected population and sample that
reflect the operational realities and complexities of the industry. The population for this research
comprises the top ten global energy companies, identified based on their market capitalization,
operational scale, and influence within the oil and gas sector (Companies Market Cap, 2025).
These companies are not only leaders in energy production and distribution but also play a
crucial part in determining industry standards, sustainability practices, and technological
innovation. Their global reach and diverse supply chains make them ideal candidates for
examining how Scope 3 emissions can be measured and managed effectively. To help the
research stay aligned and grounded in practical application, the sample is further refined by
selecting the top ten vendors or suppliers associated with each of these energy companies. These
vendors are chosen based on procurement spend, frequency of transactions, and strategic
importance to the core operations of the energy firms. They represent a wide spectrum of the
supply chain, providing critical products and services that support exploration, drilling,
production, refining, transportation, storage, and trading of energy resources. These suppliers
are integral to the functioning of the energy ecosystem, and their activities contribute
significantly to the indirect emissions that fall under Scope 3 (Greenhouse Gas Protocol, 2011).
Within this supplier base, the study focuses on a subset of materials and services that are
frequently procured commonly referred to as fast-moving items. Specifically, the research
examines fourteen fast-moving materials or services supplied by these vendors. These items are
selected because of their high turnover rate, operational necessity, and potential for cumulative

emissions impact. Examples may include industrial valves, compressors, drilling fluids,
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maintenance services, instrumentation, and safety equipment. While each item may individually
contribute a small amount to the overall emissions profile, their frequent use and widespread
application across multiple sites and operations make them a significant area of interest for
emissions tracking (DEFRA, 2023).

The rationale for focusing on fast-moving items is twofold. First, these items provide a
consistent and repeatable dataset that can be used to model emissions across different vendors
and operational contexts. Second, they offer a practical entry point for organizations seeking to
implement emissions tracking without overhauling their entire procurement system. By starting
with high-frequency, high-impact items, companies can build a foundation for broader Scope 3
emissions management and gradually expand their efforts to include more complex or less
frequently purchased goods and services (WBCSD, 2022). The selection of this sample also
supports the methodological goals of the research. By analysing procurement data related to
these fast-moving items, the study can apply emission factor databases and carbon accounting
tools to estimate the associated emissions. This method allows for a complete examination of
how emissions can be tracked based on organizational spending, and how this data can be
integrated into existing enterprise systems (PwC, 2021). It also enables the identification of
samples, tendencies that can inform supplier engagement approaches, procurement policies, and
decarbonization initiatives. Furthermore, the diversity of the selected vendors ranging from
multinational engineering firms to specialized service providers ensures that the sample captures
a wide range of emissions profiles, data availability, and reporting capabilities. This diversity is
essential for testing the robustness and adaptability of the proposed emissions tracking
methodology. It also reflects the real-world challenges that organizations face when attempting

to gather emissions data from suppliers with varying levels of maturity in sustainability reporting
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(IEA, 2022). The population and sample selected for this study are designed to provide a realistic
and comprehensive view of Scope 3 emissions within the energy sector. By focusing on the top
ten energy companies, their key suppliers, and a targeted set of fast-moving materials and
services, the research creates a manageable yet impactful scope for analysis. This approach not
only supports the development of a practical emissions tracking framework but also ensures that

the findings are relevant, scalable, and applicable across organizations.

3.6 Participant Selection

By prioritising these fast-moving materials, the study seeks to achieve a detailed
product-level assessment of emission tracking through the application of emission factors. The
emission factors associated with each material were compiled from a range of sources, including
publicly accessible databases, industry-specific publications, and peer-reviewed academic
studies (DEFRA, 2023; Microsoft, 2025). These factors represent the average GHG outputs
associated with the manufacturing, processing, and transportation of each material, expressed in
kilograms of CO: equivalent per unit of weight or capacity. The use of emission factors helps
estimation of carbon emissions based on procurement volumes, providing a scalable and
replicable method for emissions accounting.

The participation of both energy companies and their suppliers in this research is not limited
to data provision. It involves active collaboration in the form of interviews, surveys, and data
validation exercises. These engagements are designed to gather qualitative insights into current
practices, challenges, and opportunities related to emissions tracking. They also serve to validate
the assumptions and methodologies used in the findings, warranting that the conclusions are

based on operational realities. For example, suppliers are asked to provide information on their
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own emissions reporting practices, the availability of product-level emissions data, and their
readiness to support customer sustainability initiatives. Energy companies, on the other hand,
are engaged to understand how they integrate emissions data into procurement decisions,
supplier evaluations, and sustainability reporting (Greenhouse Gas Protocol, 2011). The
participatory nature of the research also facilitates knowledge exchange and capacity building
among participants. By involving both consumers and dealers in the growth of the emissions
tracking framework, the study promotes a shared understanding of Scope 3 emissions and fosters
collaboration toward common sustainability goals. This is key from a context of the energy
sector, where supply chain emissions are often distributed across multiple tiers and jurisdictions,
making coordination and data sharing essential for effective emissions management (WBCSD,
2022). In addition to organizational and operational considerations, the selection of participants
also considers ethical and confidentiality concerns. All participants are communicated on
purpose, scope, intended outcomes, their consent is obtained prior to data collection. Data is
anonymized and aggregated to protect proprietary information, and findings are reported in a
manner that respects the confidentiality of individual companies and suppliers. This ethical
approach ensures that participants can engage openly and constructively, without concerns about
competitive sensitivity or reputational risk. In conclusion, the participation selection for this
thesis is intended to confirm that the research is both representative and can be acted upon. By
focusing on the top ten global energy companies, their key suppliers, and a targeted set of fast-
moving materials, the study creates a robust foundation for analysing Scope 3 emissions in the
energy sector. The selection process balances methodological rigor with practical feasibility,
ensuring that the research is grounded in real-world operations and capable of delivering

meaningful insights.
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Table 3: Top ten energy giants and their top ten vendors (Bhat Venugopal, 2025)
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Material

Approximate Emission Factor

(kg CO:e per kg or unit)

Notes

Specialty steels and alloys

3.0-6.0 kg CO2e/kg

High energy input for steelmaking

Drill bit materials

Diamond: 200 — 400 kg CO.e/kg

High for synthetic diamond production

Cement and cement additives

0.8 — 1.0 kg CO2e per kg

Cement production is high emissions

Mud additives

0.5 -2.0 kg CO2e per kg

Depends on chemical composition

Downhole sensors/electronics

0.2 — 1.0 kg CO2e per unit

Based on material complexity

Corrosion inhibitors

2.0 — 6.0 kg CO:e per kg

Chemical manufacturing impacts

Synthetic lubricants

2.0 — 4.0 kg CO:e per kg

Based on feedstock (often petroleum-based)

Wellhead components (alloys)

3.0 - 6.0 kg COse/kg

Like specialty steels

Flexible flowlines and hoses

3.0 5.0 kg COse/kg

Produced from polymers and alloys

Control system components

Varied, e.g., semiconductors ~

Manufacturing is energy-intensive

Electrical cables and conductors

1.0 — 4.0 kg CO2e/kg

Copper: approx. 3-4 kg CO:e per kg

Optical fibers

~10 - 20 kg CO2e/kg

high energy costs in manufacturing

Rare earth metals

~30 — 70 kg CO2e per kg

(depends on element)

Significant energy in mining and refining

Batteries (lithtum-ion)

~70 — 90 kg CO2e per kWh

Includes extraction, processing

Table 4: Key Materials and their emission factors (Bhat Venugopal, 2025)
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As presented in Table 3 (Bhat, 2025), leading energy companies operate through
well-established vendor networks. Based on an analysis of the ten key suppliers providing
fast-moving materials to these energy firms and supported by the emission factors for critical
materials detailed in Table 4 (Bhat, 2025), fourteen fast-moving materials were selected for
assessment. The selection criteria were guided by both the supply volumes and the strategic
importance of these materials in the development and maintenance of organizational energy
infrastructure. Using emission factors compiled from multiple validated sources, the study
estimates the annual carbon dioxide (CO-) emissions associated with each of the selected

materials.

3.7 Instrumentation

The effectiveness of this research is fundamentally dependent on the strategic deployment
of a broad range of instruments and digital technologies that support the systematic acquisition,
management, and analysis of carbon emissions data across the energy sector’s supply chain.
Owing to the inherent complexity of Scope 3 emissions and the layered structure of global value
chains, the methodological approach to instrumentation adopted in this study is intentionally
holistic and flexible. It integrates established data governance mechanisms with advanced digital
solutions and emerging technological enablers, thereby enhancing data accuracy, timeliness, and
traceability. This integrated approach is essential for producing robust and auditable insights
into supply-chain-related emissions and for aligning the research outcomes with internationally
recognised carbon accounting standards.

At the centre of the data collection activity is the integration of internal procurement and
operational data with external emissions-related datasets. Internal data is sourced primarily

from ERP systems, which serve as the backbone of procurement and financial operations within

86



energy companies. These systems provide detailed records of material purchases, vendor
transactions, and service engagements, which are essential for mapping the transfer of goods.
To consolidate and organize this data for analysis, Microsoft Excel and Word are used

extensively during the initial stages of the research.

To move beyond static data analysis and enable dynamic visualization of emissions trends,
the study employs Microsoft Power BI. This business intelligence platform allows for the
creation of interactive dashboards that present emissions data in a visually intuitive format.
Through Power BI, procurement and sustainability teams can explore emissions by vendor,
material category, geography, or period, enabling more informed decision-making. The platform
also supports the integration of real-time data feeds, which is particularly useful for monitoring
emissions performance as new procurement data becomes available. In addition to these general-
purpose tools, the study leverages specialized carbon accounting software to enhance the
accuracy and automation of emissions trailing. Tools such asSAP’s Carbon
Impact and Microsoft’s Sustainability Calculator are instrumental in translating procurement
and operational data into carbon footprint estimates (Microsoft, 2025). These platforms are
considered to support with global standards like Greenhouse Gas Protocol and provide built-in
emission factor libraries that simplify the calculation process.

To capture emissions data that cannot be derived solely from procurement records or
emission factors, the study incorporates real-time monitoring technologies. loT-enabled
sensors developed by companies like Honeywell and Siemens are deployed at key points within
the supply chain to provide direct measurements of environmental parameters such as carbon

dioxide concentrations, energy consumption, and equipment efficiency. These sensors are
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integrated into operational assets such as compressors, turbines, and control systems, and the
data collected is transmitted to centralized platforms for aggregation and analysis. The study
also recognizes the importance of supplier-reported data in achieving a complete picture of
Scope 3 emissions. To this end, structured surveys and questionnaires are distributed to selected
vendors to gather both quantitative and qualitative information about their emissions profiles,
sustainability practices, and data reporting capabilities. These instruments are designed to
capture insights that are not readily available through transactional data, such as the use of
renewable energy in manufacturing, emissions reduction initiatives, and challenges in emissions
reporting. The responses are analysed to identify trends, gaps, and opportunities for
collaboration between energy companies and their suppliers. To ensure the integrity and
transparency of emissions data, the study explores the application of blockchain technology.
Platforms such as IBM Block chain are used to create immutable records of emissions-related
transactions, including the issuance and transfer of carbon credits, supplier declarations, and
third-party verifications. By providing a secure and tamper-proof ledger, block chain enhances
the credibility of emissions data and supports the verification of sustainability claims. This is
particularly valuable in multi-tiered supply chains where data provenance and trust are critical.
Environmental monitoring systems from companies like ABB and GE further complement the
instrumentation strategy. These systems are capable of aggregating data from many sources to

provide a holistic view of environmental performance.

3.8 Data Collection Procedures
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The process of collecting facts for this study is both foundational and instrumental in
achieving the objectives of the study, which centres on developing a structured methodology for
tracking Scope 3 carbon emissions in the energy sector’s supply chain. Given the complexity of
emissions accounting especially when dealing with indirect emissions from a wide array of
suppliers and materials the data collection strategy must be both methodical and adaptable. This
section outlines the procedures followed to gather, organize, and prepare the data necessary for
emissions estimation, with a focus on procurement spend, emission factors, and material
categorization. The primary phase in the fact gathering process involved identifying and
extracting procurement spend data from internal enterprise systems. This data, typically housed
within ERP platforms such as SAP or Oracle, provides a detailed record of all financial
transactions related to the purchase of goods and services (SAP, 2024; Oracle, 2024). For this
study, the focus was placed on spend data from the years 2023 and 2024. These two years were
selected to establish a baseline and observe any emerging trends in procurement behaviour,
vendor engagement, and material usage. By analysing spend over a two-year period, the study
aims to capture both consistency and variability in purchasing patterns, which is essential for
building a reliable emissions model.

To ensure that the analysis remains focused and manageable, a sample of ten high-impact
products and services was selected from the procurement records of the top ten energy
companies and their key suppliers. These items were chosen based on their frequency of
purchase, operational importance, and relevance to the construction and maintenance of energy
infrastructure. The selection process also aimed to ensure diversity by including at least one or
two items from each major procurement category ranging from mechanical components and

chemical additives to electronic systems and structural materials. This approach not only
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enhances the representativeness of the sample but also allows for a more nuanced application of
emission factors across diverse types of goods and services.

Once the spend data was extracted and the sample items were identified, the next step
involved categorizing the data according to the different category of products purchased. This
categorization is critical as emission factors vary significantly depending on the type of material
or service. For example, the carbon intensity of manufacturing specialty steels is vastly different
from that of producing electronic sensors or chemical lubricants. By grouping the spend data
into well-defined categories, the study ensures that the appropriate emission factors can be
applied with precision and consistency.

With the categorized spend data in place, the focus shifted to sourcing emission factors.
Emission factors quantify the average greenhouse gas emissions attributable to the production,
transformation, and delivery of a defined material or service. These factors are commonly
reported in kilograms of carbon dioxide equivalent (kg COze) per functional unit, such as mass,
volume, or monetary value, depending on the data source and accounting methodology. In this
study, emission factors were sourced from a combination of publicly accessible databases and
peer-reviewed modelling frameworks to ensure methodological robustness and transparency.
Key references include the U.S. Environmentally Extended Input-Output (USEEIO) model and
nationally recognised emission factor repositories published by the UK Department for
Environment, Food and Rural Affairs (DEFRA) and the U.S. Environmental Protection Agency
(EPA) (DEFRA, 2023; EPA, 2023; EPA, 2024). These sources provide harmonised,
scientifically validated emission factors covering a broad spectrum of goods and services,

thereby supporting consistent and credible greenhouse gas emissions accounting.
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In cases where emission factors were only available in physical units (e.g., kg COze per kg
of material), a conversion was performed to express the factor in monetary terms (e.g., kg COze
per dollar spent). This conversion is necessary because the primary data available from
procurement systems is financial in nature.

The conversion formula used is straightforward:

Emission Factor per § = Emission Factor (kg CO:ze per kg)

Cost per kg in §

For example, if the emission factor for a particular steel alloy is 4 kg COze per kg, and the
average cost of that alloy is $5 per kg, then the emission factor per dollar spent is 0.8 kg CO-¢/$.
This allows the emissions associated with a given spend amount to be calculated using the

following formula:

Total CO2e Emissions (per year) =) (Amount Spent (All the invoices paid against this

material/service in the year xEmission Factor per $)

This formula was applied to each of the selected materials and services in the sample. For
instance, if a company spent $50,000 on corrosion inhibitors in 2023, and the emission factor
for that category is 2.5 kg CO.e/$, the total emissions for that item would be 125,000 kg CO2¢
for that year. This method provides a scalable and repeatable approach to estimating emissions

based on financial data, which is readily available and consistently recorded across
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organizations. To enhance the accuracy of the emissions estimates, the study also incorporated
supplier-specific data wherever available. Some of the top-tier suppliers included in the study
such as Schlumberger, Baker Hughes, and TechnipFMC maintain their own sustainability
reporting systems and can provide product-level emissions data. Where such data was
accessible, it was used to validate or refine the emission factors applied to those suppliers’
products. This hybrid approach combining standardized emission factors with supplier-reported
data ensures that the emissions estimates are both comprehensive and grounded in operational
realities.

In addition to quantitative data, qualitative outcomes were collected by interviews (Jiménez
and Orozco, 2021) and surveys with procurement managers, sustainability officers, and supplier
representatives. These engagements provided valuable context regarding procurement practices,
supplier engagement strategies, and challenges in emissions reporting. For example, some
suppliers highlighted the difficulty of allocating emissions to specific products due to shared
production lines or lack of granular data. Others emphasized the importance of collaboration
and data transparency in achieving accurate emissions tracking. These insights were used to
inform the interpretation of the quantitative data and to identify areas for improvement in
emissions accounting practices.

All collected data both quantitative and qualitative was consolidated and managed using
Microsoft Excel for initial analysis and Microsoft Power BI for visualization. Excel was used to
perform calculations, apply emission factors, and organize data by category, vendor, and year.
Power BI enabled the creation of interactive dashboards that allowed for real-time exploration
of emissions data, including comparisons across vendors, materials, and time periods. These

tools not only facilitated the analysis but also supported the communication of findings to
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stakeholders in a clear and accessible format. Throughout the information gathering course,
consideration was given to data quality, consistency, and completeness. Data validation checks
were performed to identify and correct anomalies, such as duplicate entries, missing values, or
inconsistent units of measurement. Where necessary, assumptions were documented, and
sensitivity studies were conducted to assess the effect of data uncertainties on the final emissions
estimates. This rigorous approach to data management confirms that the results of the study are
robust and defensible. In conclusion, the data collection procedures employed in this research
are designed to support a comprehensive and accurate assessment of Scope 3 emissions in the
energy sector’s supply chain. By leveraging procurement spend data, standardized emission
factors, supplier-reported information, and advanced analytical tools, the study creates a solid
foundation for emissions estimation and analysis. The insights from quantitative and qualitative
data helps not only on numerical dimensions of emissions but also the contextual factors that
influence emissions reporting and reduction efforts. This holistic approach to data collection is
essential for developing a practical and scalable methodology that can be adopted by energy
companies to consider the sustainability performance and contribute to global decarbonization

goals.

3.9 Data Analysis
The carbon emissions assessment undertaken in this study is anchored in examining the
linkage between financial expenditure and environmental impact, with particular emphasis on
Scope 3 emissions across the value chain. Given the secondary nature of these emissions
originating from upstream suppliers and service providers this study adopts a spend-based

approach to approximation the carbon trail linked with procurement activities. This method,
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while not without its limitations, offers a practical and scalable solution for organizations
seeking to understand and manage emissions across complex supply chains.

The core analytical framework relies on the application of spend-based emission factors
(EPA 2024; DEFRA 2023), which represent the average greenhouse gas emissions per unit of
currency spent on a particular category of goods or services. These factors are sourced from

reputable databases such as the U.S. Environmentally Extended Input-Output (USEEIO) model

and the UK’s DEFRA emissions inventory (EPA 2024; DEFRA2023). These databases provide

standardized values that reflect industry averages, allowing for consistent and comparable
emissions estimates across different procurement categories.

To begin the analysis, procurement data for the years 2023 and 2024 was extracted from
enterprise systems, focusing on a curated list of fast-moving materials and services supplied by
the top ten vendors to the leading global energy companies. Each item in this dataset was
matched with its corresponding emission factor, either directly from the database or through a
conversion process when only physical unit-based factors (e.g., kg CO:e per kg) were available.
In such cases, the emission factor was recalculated into a monetary unit (kg CO:e per dollar)
using the average cost per unit of the material. This conversion enabled the integration of

emissions data with financial records, forming the basis for the spend-emissions correlation.

The primary formula used in this analysis is:

Total COze Emissions=) (Amount Spent X Emission Factor per $)
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This formula was applied across all selected materials and services, generating annual
emissions estimates for each item. The results were then aggregated by vendor, material
category, and year to identify patterns and trends. For example, materials such as specialty steels
and synthetic lubricants, which are both high in volume and carbon intensity, emerged as
significant contributors to the overall emissions profile. Similarly, vendors supplying high-
emission materials consistently ranked higher in terms of their associated carbon footprint,
regardless of their total spend.

To strengthen the analytical depth of the study, established Life Cycle Assessment (LCA)
software platforms, including SimaPro and GaBi, were utilised (SimaPro, 2025; GaBi, 2025).
These tools enable spend-based modelling approaches and support the systematic estimation of
emissions across the full product life cycle, encompassing stages from raw material extraction
through to end-of-life treatment. By integrating procurement expenditure data into the LCA
modelling environment, the analysis was able to simulate the environmental implications of
alternative purchasing scenarios and to evaluate the potential emissions reduction benefits
associated with different sourcing and supply-chain strategies. For instance, switching from a
high-emission vendor to a lower-emission alternative, or substituting a material with a more
sustainable equivalent, was shown to yield measurable reductions in carbon output.

The results of the analysis were presented using Microsoft Power BI, which enabled the
creation of interactive dashboards and visualizations. These dashboards provided a clear and
intuitive view of the data, highlighting key metrics such as emissions per dollar spent, emissions
by vendor, and emissions by material category. The visual format facilitated the identification
of emissions hotspots and supported strategic decision-making by procurement and

sustainability teams. For example, a spike in emissions associated with a particular vendor or
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material could prompt a review of sourcing practices or the initiation of supplier engagement
efforts. One of the key insights from the analysis was the strong correlation between
procurement spend and carbon emissions. While this may seem intuitive, the data revealed that
even modest reductions in spend when targeted at high-emission categories could lead to
disproportionately large reductions in emissions. This finding underscores the value of spend-
based analysis as a tool for prioritizing decarbonization efforts. It also highlights the importance
of integrating emissions considerations into procurement decisions, rather than treating them as
a separate or secondary concern.

Despite the strengths of the spend-based approach, the analysis also acknowledges several
limitations inherent in the methodology. First, the accuracy of emission estimates is heavily
reliant on the superiority and granularity of the emission factors used. While databases like

USEEIO and DEFRA provide robust averages (EPA 2024; DEFRA2023), they may not capture

the specific emissions profile of a particular supplier or product. This is particularly true for
complex or customized items, where production processes and material inputs can vary
significantly. Second, the reliance on financial data introduces a degree of variability that can
affect the precision of the results. Changes in market prices, currency fluctuations, and
procurement strategies can all influence the amount spent on a given item, without necessarily
reflecting a change in its actual carbon footprint. For example, a price increase due to supply
chain disruptions would inflate the emissions estimate under a spend-based model, even if the
physical emissions associated with the product remained unchanged.

Third, the availability of supplier-specific emissions data remains a significant challenge.
Many suppliers, especially those in the lower tiers of the supply chain, do not track or report

emissions at the product level (Schaltegger et al., 2023). This limits the ability to validate or
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refine the emission factors used in the analysis (Xu et al., 2024)). While some leading vendors
have begun to publish environmental product declarations (EPDs) and participate in
sustainability reporting frameworks, these practices are not yet widespread. Fourth, the
complexity of global supply chains means that organizations often have limited visibility beyond
their immediate suppliers. This makes it difficult to capture emissions from component
manufacturing, and transportation. As a result, the emissions estimates generated by this study
should be viewed as indicative rather than definitive, providing a directional understanding of
emissions rather than a precise measurement.

Finally, the use of advanced analytical tools and software platforms requires a certain level
of technical expertise and organizational readiness. Implementing LCA software, integrating
emissions data into ERP systems, and developing interactive dashboards all demand resources
both human and technological that may not be readily available in all organizations. This creates
a potential barrier to adoption, particularly for smaller firms or those in the initial phases of their
sustainability drive. Considering these limitations, it highlights the importance of continuous
improvement and iterative refinement in emissions tracking. As more data becomes available,
emission factors can be updated, supplier engagement can be deepened, and analytical models
can be enhanced. The goal is not to achieve perfect accuracy from the outset, but to establish a
robust and transparent framework that supports informed decision-making and drives progress
over time. In the end, the data analysis conducted in this research provides a comprehensive and
actionable view of Scope 3 emissions within the energy sector’s supply chain. By leveraging
spend-based emission factors, advanced software tools, and interactive reporting platforms, the
study demonstrates how organizations can quantify their indirect emissions and identify

opportunities for reduction. While the methodology has its limitations, it offers a practical
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starting point for emissions accounting and a foundation for more sophisticated approaches in
the future. Ultimately, the findings derived from this analysis support the broader objective of
enabling energy companies to better align their procurement decisions with stated sustainability
commitments, while also strengthening their proactive contribution to the global transition

towards a low-carbon economy (Even-Tov et al., 2025; Hartmann et al., 2021).

3.10 Research Design Limitations

While this research proposes a structured and scalable framework for monitoring Scope 3
emissions through spend-based methodologies, it is necessary to recognise the inherent
limitations associated with this approach (Wang et al., 2024; Springer, 2024). These
constraints do not detract from the overall contribution of the study; rather, they underscore
areas where careful interpretation, methodological refinement, and further investigation are
warranted. One of the most prominent challenges relates to the availability and completeness
of supplier-level data. A substantial proportion of suppliers particularly those operating in

lower tiers of the supply chain do not systematically measure or disclose emissions at the

product or service level. This limited transparency results in data gaps that necessitate reliance

on sector-average emission factors, which may only approximate, rather than accurately
represent, the true environmental footprint of specific goods or services (Carbon Bright,
2025). The spend-based approach, while practical and widely used, is inherently limited by its
reliance on financial proxies. It estimates emissions based on monetary expenditure and
industry averages, which can obscure the nuances of actual production processes. Unlike
activity-based methods that measure emissions from specific operational inputs, spend-based

models offer a broader but less precise view, making them more suitable for high-level
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assessments than for detailed product-level analysis (HHC Earth, 2025). Another limitation
arises from the volatility of market prices. Since the model ties emissions to the amount spent,
fluctuations in the cost of goods and services can distort the results. A price increase, for
instance, may suggest a rise in emissions even if the physical quantity and production method
of the item remain unchanged. This introduces a layer of economic noise that can complicate
year-over-year comparisons and trend analysis (Carbon Bright, 2025). Furthermore,

the complexity of global supply chains means that organizations often lack full visibility into
their extended value chains. Emissions from upstream suppliers, subcontractors, and raw
material sources may go unreported or unrecognized, leading to underestimation of total
Scope 3 emissions. This limitation is remarkably evident in energy industries, where supply
chains span multiple continents and regulatory environments (Carbon Bright, 2025). Lastly,
the use of advanced analytical tools such as life cycle assessment software, machine learning
algorithms, and data visualization platforms, while powerful, demands significant technical
expertise and computational resources. Smaller organizations or those in the early stages of
digital transformation may find it challenging to implement these tools effectively, potentially
limiting the scalability of the proposed methodology (Carbon Bright, 2025). While the
research design offers a valuable framework for emissions tracking, it is not without its
constraints. Knowing these boundaries is essential for interpreting the outcomes accurately
and for guiding future enhancements to the methodology. As data quality improves and digital
capabilities expand, many of these challenges can be addressed, paving the way for more

precise and comprehensive emissions accounting in the years to come.
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3.11 Conclusion

As the world stands at the crossroads of industrial legacy and environmental urgency,
the energy sector finds itself both a contributor to and a potential catalyst for climate
transformation. This thesis set out to explore one of the most elusive yet critical aspects of
corporate sustainability Scope 3 emissions and to develop a structured, scalable methodology
for measuring and managing these emissions across the supply chain (Greenhouse Gas
Protocol, 2013; Harvard Office for Sustainability, 2025).Through a focused lens on the top
ten global energy companies and their most influential suppliers, this research has not only
illuminated the operational realities of emissions tracking but also carved a pathway for
actionable change. The journey began with a recognition of the complexity embedded in
Scope 3 emissions. Unlike direct emissions, which are moderately simpler to quantify and
control, Scope 3 emissions are scattered across a vast and often opaque network of suppliers,
logistics providers, and service partners. These emissions are embedded in the steel used to
build pipelines, the chemicals used in drilling fluids, the electronics that power control
systems, and even the packaging materials that accompany spare parts. They are, in essence,
the invisible threads that bind the energy sector’s operational fabric and yet, they are rarely
accounted for with the rigor they deserve. To address this gap, the research adopted a spend-
based emissions tracking model, leveraging procurement data as a proxy for environmental
impact. This approach, while not without its limitations, offered a practical entry point for
organizations seeking to understand their indirect emissions without overhauling their entire
data infrastructure (UL Solutions, 2025). By applying standardized emission factors to
financial expenditure, the study was able to generate emissions estimates that, while
approximate, provided a directional understanding of where emissions are concentrated and
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where interventions might be most effective. The selection of participants was both strategic
and symbolic. The top ten energy companies ranging from Saudi Aramco to Represent not
only the largest players in the industry but also the most visible stewards of its future. Their
operations span continents, their supply chains are global, and their influence on industry
standards is unparalleled. By focusing on these companies and their top ten suppliers, the
research ensured that its findings would be both relevant and scalable. The inclusion of fast-
moving materials those frequently procured and essential to daily operations added another
layer of specificity, allowing the study to drill down into the emissions associated with real,
tangible products. The data collection process was meticulous. Procurement records from
2023 and 2024 were analysed, categorized, and matched with emission factors sourced from
reputable databases. Where emission factors were not readily available in monetary terms,
conversions were performed using average unit costs. This allowed for a seamless integration
of financial and environmental data, enabling the calculation of emissions per dollar spent.
The results were then visualized using advanced analytics tools, revealing patterns that were
both expected and surprising. One of the most striking findings was the disproportionate
impact of certain materials. Specialty steels, synthetic lubricants, and rare earth metals
emerged as high-emission categories not necessarily because of their volume, but because of
the rigorous procedures in their production. Conversely, some high-volume items, such as
basic electrical components, had relatively low emissions per unit, suggesting that not all
procurement categories warrant the same level of scrutiny. This insight is critical for
organizations seeking to prioritize their decarbonization efforts. It suggests that emissions

reduction is not merely a matter of spending less, but of spending smarter choosing materials
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and suppliers that align with sustainability goals without compromising operational
efficiency.

The use of Life Cycle Assessment (LCA) software such as GaBi, SimaPro added
depth to the analysis. These tools allowed for the modelling of emissions across value chain
(International Journal of Life Cycle Assessment, 2025). This complete view revealed hidden
emissions that might otherwise be overlooked, such as those associated with transportation,
packaging, or secondary manufacturing processes. It also enabled scenario analysis, allowing
organizations to simulate the impact of different sourcing strategies, material substitutions, or
supplier changes. The reliance on spend-based emission factors, while practical, introduces a
degree of imprecision. Prices fluctuate, suppliers vary in efficiency, and industry averages
may not reflect the specific realities of a given transaction (UL Solutions, 2025). Moreover,
the lack of supplier-specific emissions data remains a significant barrier. While some leading
vendors are beginning to publish Environmental Product Declarations (EPDs) and participate
in sustainability reporting frameworks, these practices are not yet widespread. Another
limitation lies in the visibility of the supply chain itself. Despite best efforts, organizations
often lack full transparency into their extended value chains. Emissions from upstream
suppliers, subcontractors, and raw material sources may go unreported or unrecognized,
leading to underestimation of total Scope 3 emissions (Greenhouse Gas Protocol, 2013).
Implementing LCA software, integrating emissions data into ERP systems, and developing
interactive dashboards require technical expertise and organizational commitment. Small
businesses those in the initial phases of digital transformation may find it difficult to replicate
the methodology presented in this thesis without significant investment in skills and

infrastructure. Despite these limitations, the contributions of this research are both practical
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and strategic. It provides a replicable framework for emissions tracking that can be adapted to
different organizational contexts. It offers a roadmap for integrating sustainability into
procurement decisions, supplier evaluations, and corporate reporting. And perhaps most
importantly, it shifts the conversation from abstract commitments to concrete actions
demonstrating that emissions reduction is not just a policy goal, but a procurement strategy, a
data challenge, and a leadership imperative. Looking ahead, the conclusions of this thesis
open numerous paths for future exploration. One promising direction is the integration of real-
time data through IoT-enabled sensors and blockchain-based verification systems. The
adoption of such technologies has the potential to improve both the accuracy and transparency
of emissions reporting, supporting a shift from reliance on static estimates towards more
timely, auditable, and accountability-driven approaches to emissions management (UL
Solutions, 2025). Another area of interest is the development of supplier engagement
programs that incentivize emissions reporting and reduction. By aligning procurement
incentives with sustainability goals, establishments can create a knock-on effect that extends
across the entire value chain. As more organizations adopt Scope 3 tracking, the lack of
consistent methodologies and reporting frameworks could hinder comparability and
benchmarking (Shrimali, 2021). Industry consortia, regulatory bodies, and academic
institutions must work together to develop common standards that balance rigor with
practicality. This will not only improve the quality of emissions data but also foster trust and
collaboration among stakeholders (Harvard Office for Sustainability, 2025). Through a
combination of data analysis, software tools, and strategic insights, it has demonstrated

that emissions tracking is not only feasible but also essential for organizations committed to

sustainability (Shrimali, 2021).
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CHAPTER IV:

RESULTS

4.1 Research Question One

How can establishments have a strong visualisation and set quantifiable sustainability
objectives that supports with global climate promises, while engaging suppliers and other supply
chain stakeholders in a collaborative framework to describe the opportunity of sustainable
solutions?

The first research question examines the extent to which corporate sustainability objectives
are strategically and operationally aligned with the wider global climate agenda. The findings
from this study reveal that establishing a clear sustainability vision begins with internal
alignment where leadership commitment, cross-functional collaboration, and a shared
understanding of environmental priorities converge (Eccles and Klimenko, 2019). Organisations
that have effectively embedded sustainability within their core operational processes typically
begin by translating global climate commitments such as those articulated in the Paris
Agreement into clear, organisation-specific targets and performance objectives (UNFCCC,
2015). These goals are not abstract declarations but are broken down into measurable targets,
timelines, and key performance indicators (KPIs) that are tracked and reported regularly (CDP,
2023). However, the vision alone is insufficient without a robust mechanism for engaging the
broader ecosystem particularly suppliers, who are often responsible for a substantial segment of
a firm’s indirect emissions (World Economic Forum, 2021). The study found that companies
that excel in Scope 3 emissions management actively involve their suppliers in the sustainability
journey (Harvard Office for Sustainability, 2023). This engagement takes multiple forms:

supplier codes of conduct, sustainability scorecards, joint innovation programs, and data-sharing
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agreements (McKinsey and Company, 2022). These mechanisms not only substitute
transparency but also generate a sense of common accountability. Suppliers are no longer seen
as external entities but as strategic partners in achieving decarbonization goals.

One of the most effective strategies observed was the use of the Pareto principle to prioritize
supplier engagement. By focusing on the top 20% of suppliers that account for 80% of
procurement spend, companies can maximize impact while managing complexity (Accenture,
2021). These high-impact suppliers are often more mature in their sustainability practices and
more capable of providing emissions data. Once a strong foundation is established with this core
group, the engagement can be expanded to include smaller or less mature suppliers. Digital
platforms also play a key role in empowering collaboration. Cloud-based systems allow for
seamless data exchange between companies and their suppliers, facilitating real-time tracking
of emissions, performance benchmarking, and collaborative problem-solving (BCG, 2023).
These platforms also support the incorporation of sustainability metrics into purchase decisions,
ensuring that environmental considerations are embedded into supplier selection, contract
negotiations, and performance evaluations.

The findings suggest that a clear sustainability vision, when combined with structured
supplier engagement and digital enablement, creates a powerful framework for aligning
corporate goals with global climate commitments. This alignment not only enhances
environmental performance but also strengthens supply chain resilience, innovation, and long-

term value creation.
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4.2 Research Question Two

How can carbon accounting software and emission factor database integration be effectively
implemented, addressing the trials linked with associating these solutions into current systems
and business practices, while overcoming practical barriers to translating model assumptions
into real-world applications for tracking carbon emissions based on organizational spending,
and scaling up decarbonization technologies? The second research question delves into the
technical and operational aspects of emissions tracking, with a focus on the integration of carbon
accounting tools and emission factor databases. The study found that while the availability of
carbon accounting software has grown notably in recent years, the effectiveness of these tools
depends heavily on how well they are integrated into existing enterprise systems and workflows
(PwC, 2023). Organizations that have successfully implemented these tools typically begin with
a clear understanding of their data landscape. This includes mapping out data sources,
identifying gaps, and establishing data governance protocols (WBCSD, 2022). Procurement
data, which forms the backbone of spend-based emissions tracking, is often scattered across
multiple systems and formats. Consolidating this data into a centralized platform is a critical
first step. Once consolidated, the data is categorized by material and service type, allowing for
the application of appropriate emission factors.

The integration of emission factor databases, such as USEEIO and DEFRA, is another key
component. These databases provide standardized values for estimating emissions based on
spend or physical quantities (EPA, 2023). However, the study found that these values often need
to be adjusted or supplemented with supplier-specific data to improve accuracy. This is
particularly true for high-impact materials such as specialty steels, synthetic lubricants, and rare

earth metals, where production processes can vary significantly between suppliers. To address
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this challenge, some organizations have developed hybrid models that combine standardized
emission factors with primary data collected from suppliers. This approach not only improves
the precision of emissions estimates but also encourages suppliers to invest in their own
emissions tracking capabilities (SBTi, 2023). Over time, this generates a worthy series of data
improvement and emissions reduction.

The study further identified a number of practical barriers that constrain effective
implementation. Among the most frequently cited challenges is the limited interoperability
between carbon accounting platforms and existing enterprise resource planning (ERP) systems.
In many cases, this misalignment necessitates the development of bespoke system integrations,
extensive data harmonisation, and ongoing technical maintenance, thereby increasing both
implementation complexity and resource requirements (Deloitte, 2023). Another challenge is
the limited availability of skilled personnel who can manage these tools, interpret the data, and
translate insights into action. To overcome these barriers, leading organizations invest in
training, change management, and cross-functional collaboration between sustainability,
procurement, and IT teams. Scalability is another critical consideration. As organizations
expand their emissions tracking efforts across geographies, business units, and supplier tiers,
the complexity increases exponentially. To manage this complexity, some companies adopt a
phased method starting with experimental projects in high-impact areas and gradually ascending
based on lessons learned. Others leverage cloud-based platforms that offer scalability,
flexibility, and real-time analytics (Microsoft, 2023). Ultimately, the findings suggest that
effective implementation of carbon accounting tools requires more than just technology. It
requires a strategic approach that combines data readiness, system integration, supplier

collaboration, and organizational capability building.
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4.3 Summary of Findings

Understanding and evaluating baseline Scope 3 emissions is a vital first step for any
company aiming to minimize its indirect carbon footprint and enhance sustainability throughout
its supply chain. It encompass all the indirect emits produced across firms end to end business,
including raw material extraction, logistics production processes, and the disposal of solid
products (GHG Protocol, 2011; Harvard Office for Sustainability, 2023) For many trades, Scope
3 emissions represent the major section of their overall carbon footprint (Harvard Office for
Sustainability, 2023)1. The complicated behaviour of universal supply chains and the diverse
sources of emissions require sophisticated digital tools and analytics to effectively quantity,
track, and accomplish emissions throughout a company's business process (Stanford Sustainable
Finance Initiative, 2023). Leveraging these technologies can boost transparency, simplify
emissions reporting, foster better collaboration with suppliers, and support data-driven
sustainability decisions (GHG Protocol, 2011). The initial step in managing Scope 3 emissions
involves accurately measuring and gathering data from suppliers, considering these emissions
originate from various indirect sources (Harvard Office for Sustainability, 2023) 1. Cloud
technologies facilitate the sharing of data across different systems, whether internal or supplier
databases, this approach supports the coherent alignment of sustainability initiatives throughout
the value chain, improving visibility and enabling better-informed managerial decisions
(Tsolakis et al., 2023).

The best approach to start tracking emissions is to gather product and service information
from vendors based on the 80:20 Pareto principle20% of the products/services resulting in 80%
of overall spend should be prioritized for emission tracking, followed by lower-cost items

(Stanford Sustainable Finance Initiative, 2023). Many vendors today already track emissions for
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their products and services and integrate this data within organizational databases. For those that
do not, standard emission tracking databases can be used to estimate emissions using spend-
based methodologies (GHG Protocol, 2011). This can begin with simple tools like Excel or
Access and scale up more advanced software as data volume increases. The research findings
converge on a central insight: understanding and managing Scope 3 emissions is both a strategic
imperative and a technical challenge (GHG Protocol, 2011). For many organizations, these
emissions account for most of their overall carbon footprint; however, they remain the most
challenging to measure and manage. This tension highlights the importance of adopting a
structured, data-driven framework that integrates financial, operational, and environmental
information.

The first step in this journey is establishing a reliable baseline. By analysing procurement
data from 2023 and 2024, the study identified top materials and services contributing to
emissions. These included high-emission categories such as specialty steels, cement additives,
and synthetic lubricants, as well as high-volume items like electrical cables and control system
components. The application of spend-based emission factors provided a practical method for
estimating emissions, while the use of LCA software added depth and granularity to the
examination (Stanford Sustainable Finance Initiative, 2023). The findings also highlight the
importance of supplier engagement. Suppliers are not just sources of emissions, they are also
sources of data, innovation, and collaboration (GHG Protocol, 2011)3. Organizations that
actively engage their suppliers in sustainability initiatives are better equipped to collect accurate
emissions data, identify reduction opportunities, and drive systemic change across the business.

Technology plays a pivotal role in enabling this transformation. From carbon accounting

software to cloud-based data platforms and IoT-enabled sensors, digital tools provide the
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infrastructure needed to collect, analyse, and act on emissions data (Stanford Sustainable
Finance Initiative, 2023). However, technology alone is not enough. Success depends on the
organization’s ability to integrate these tools into existing systems, build internal capabilities,
and foster a culture of sustainability. The study also underscores the value of prioritization. By
applying the Pareto principle, organizations can focus their efforts on the suppliers and materials
that have the greatest impact (Harvard Office for Sustainability, 2023). This targeted approach
not only maximizes emissions reduction but also makes the course more manageable and cost-
effective.

Finally, the study reveals that while spend-based emissions tracking has its limitations, it
remains one of the most accessible and scalable methods for organizations at the beginning of
their Scope 3 journey. As data quality improves and supplier engagement deepens, this method

can be refined and supplemented with more granular, activity-based data (GHG Protocol, 2011)

4.4 Conclusion

The results of this research affirm that tracking Scope 3 emissions is not only feasible but
also essential for organizations committed to sustainability. By leveraging procurement data,
emission factor databases, and digital tools, companies can gain a clearer understanding of their
indirect emissions and take meaningful steps toward reduction (Harvard Office for
Sustainability, 2023; Stanford Sustainable Finance Initiative, 2023). Yet, the potential benefits
in terms of environmental impact, regulatory compliance, stakeholder trust, and competitive
advantage far outweigh the costs (Harvard Division of Continuing Education, 2023). This
chapter has demonstrated that emissions tracking is not a one-time project but a continuing

journey. It requires continuous enhancement, cross-functional collaboration, and a willingness
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to adapt. As organizations mature in their sustainability practices, they will need to move beyond
estimation and into real-time monitoring, predictive analytics, and integrated decision-making
(Stanford Sustainable Finance Initiative, 2023). The foundation laid by this research provides a
roadmap for that evolution one that is grounded in data, driven by collaboration, and aligned
with the urgent need to decarbonize our global economy. There are multiple ways carbon
emissions can be tracked in today’s era. It is very significant to appreciate the industry in which
we operate and the kind of business we run to define a boundary for how the carbon footprint
can be tracked and the necessary tools and techniques required to perform the same. With the
study done so far, the results clearly highlight how emission tracking can be done based on
vendor products and services and their associated spend data (Harvard Office for Sustainability,
2023). Though it has its own challenges, it’s the most reliable methods to track Scope 3

emissions (Stanford Sustainable Finance Initiative, 2023).
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CHAPTER V:

DISCUSSION

5.1 Discussion of Results

The findings of this study present a compelling account of how sustainability is reshaping
the energy sector, particularly about Scope3 emissions. As organizations confront the
challenges associated with managing indirect emissions, the results demonstrate that progress
toward sustainability extends beyond technical solutions and represents a strategic
transformation embedded within organizational culture, systems, and inter-organizational
relationships (Harvard Office for Sustainability, 2023). A key insight is that sustainability
initiatives are most effective when the underlying vision is collaboratively developed rather than
solely driven by top-down directives. Companies that have successfully articulated and acted on
their environmental goals have done so by aligning their vision with their operational realities
and long-term aspirations (GHG Protocol, 2023). This vision becomes a living framework one
that guides decision-making, inspires innovation, and fosters accountability. It is not static; it
evolves with the organization’s maturity, market dynamics, and stakeholder expectations.

The process of setting measurable sustainability goals emerged as a critical bridge between
vision and execution. These goals must be ambitious enough to drive change but grounded
enough to be achievable. The research revealed that organizations often struggle to define
metrics that are both meaningful and measurable. However, when goals are tied to specific
business functions such as procurement, logistics, or product development, they become more
actionable. The integration of these goals into performance management systems further
reinforces their importance and ensures sustained focus (GHG Protocol, 2023). Supplier

engagement surfaced as both a necessity and a challenge. The study highlighted that while many
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suppliers are willing to participate in sustainability initiatives, they often lack the skill, expertise,
or incentives. Organizations that have made growth in this zone have accepted a collaborative
approach one that emphasizes shared value, capacity building, and mutual accountability. Rather
than treating suppliers as mere vendors, they are viewed as strategic partners in the
decarbonization journey (Harvard Office for Sustainability, 2023). This shift in mindset is
essential for building trust, fostering innovation, and achieving long-term impact. On the
technical front, the integration of carbon accounting tools into existing enterprise systems was
found to be a nuanced and often underestimated endeavour. While the benefits of these tools
such as improved emissions visibility and data-driven decision-making are well understood, the
path to implementation is rarely straightforward. Fragmented data systems, inconsistent data
quality, and varying levels of digital maturity across departments pose significant barriers. The
research emphasized the importance of cross-functional collaboration, particularly between
sustainability, finance, and IT teams, to safeguard that these tools are not only adopted but also
successfully utilized (GHG Protocol, 2023).

The challenge of scaling decarbonization technologies was another recurring theme. While
pilot projects and innovation hubs are increasingly common, the transition from experimentation
to enterprise-wide adoption remains elusive for many organizations. The study found that this
gap is often due to a lack of clear business cases, limited internal expertise, and organizational
inertia. Embedding decarbonization into core business planning through capital investment
cycles, risk assessments, and strategic roadmaps is essential for overcoming these barriers.
Leadership commitment and a culture of continuous learning are equally important in sustaining
momentum (Harvard Office for Sustainability, 2023). In essence, the findings point for a stable

and combined method one that combines strategic clarity, operational integration, and
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collaborative engagement. Sustainability cannot be solved; it must be woven into the fabric of
the organization, influencing everything from procurement decisions to product design, from

supplier relationships to investment strategies.

5.2 Discussion of Research Question One

The first research question explored how organizations can define a clear sustainability
vision and engage their supply chain stakeholders in a collaborative framework. The results
affirm that clarity of purpose is foundational. Organizations that articulate a compelling
sustainability narrativeone that resonates with their values, industry context, and stakeholder
expectationsare better positioned to mobilize internal and external support (Harvard Business
Review, 2020). Leadership is central to the development and effective communication of this
vision.When sustainability is championed at the highest levels, it sends a powerful signal
throughout the organization (GHG Protocol, 2023). However, the vision must also be translated
into language and actions that are relevant to different departments. For example, procurement
teams need to understand how sustainability goals affect supplier selection, while operations
teams need to see how emissions tracking aligns with efficiency and cost objectives.

Setting and measuring sustainability goals is where vision meets reality. The research found
that organizations often struggle to identify metrics that reflect real impact. While carbon
emissions are a common focus, other indicators such as energy intensity, water usage, and
supplier compliance are also important (Harvard Business School, 2015). The challenge lies in
collecting reliable data across a dispersed and diverse supply chain. Technology can help, but it
must be supported by clear data governance, standardized reporting frameworks, and ongoing

supplier engagement (Stanford Sustainable Finance Initiative, 2023).
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Constructing arobust supplier association is essential for achieving sustainability goals. The
study found that trust, transparency, and mutual benefit are the cornerstones of effective
collaboration. Evidence suggests that organizations engaging in supplier development via
training programmes, incentive structures, and joint initiatives are better positioned to realise
meaningful improvements (Harvard Business School, 2015). However, common roadblocks
such as cost concerns, lack of awareness, and competing priorities must be addressed through
targeted interventions and consistent communication.

Defining the scope of sustainable practices is another critical step. Not all parts of the supply
chain have equal environmental impact, and organizations must prioritize their efforts
accordingly. Tools such as life cycle assessments, emissions heatmaps, and spend analysis can
help identify high-impact areas (GHG Protocol, 2023). This scope-setting process also
influences procurement strategies, supplier segmentation, and investment decisions.Testing the
proposed approach in real or simulated business scenarios provided valuable insights. The
research found that while the framework is broadly applicable, its effectiveness depends on
organizational readiness, data availability, and stakeholder engagement. Companies that piloted
the approach reported improvements in emissions visibility, supplier collaboration, and
decision-making. However, they also noted the need for customization, ongoing support, and
iterative refinement (Stanford Sustainable Finance Initiative, 2023).

Finally, the study emphasized the importance of internal and external governance. Internally,
sustainability must be supported by dedicated teams, cross-functional committees, and clear
accountability structures. Externally, organizations must align with regulatory requirements,
industry standards, and stakeholder expectations. Transparency, reporting, and stakeholder

engagement are essential for building credibility and trust (Harvard Business Review, 2020).
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5.3 Discussion of Research Question Two

The question focused on the practical integration of carbon accounting tools and the
challenges of translating theoretical models into real-world applications. The findings reveal
that while the technology landscape is evolving rapidly, successful implementation depends on
organizational alignment, data readiness, and change management (Kaplan and Ramanna,
2021).Integrating carbon accounting tools into existing systems requires more than just technical
compatibility. It demands a deep understanding of business processes, data flows, and user
needs. The study found that user-friendly interfaces, automation, and real-time analytics are
critical for adoption. Equally important is the involvement of internal IT teams and cross-
functional collaboration to ensure that the tools are tailored to the organization’s context
(Harvard Business School, 2023).

Bridging the gap between models and reality is a persistent challenge. Theoretical models
often rely on assumptions that do not reflect the complexity of authentic supply chains. For
example, emission factors may be based on industry averages that overlook regional variations,
supplier practices, or material specifications. The research suggests that iterative validation with
real data, combined with input from operational teams, is essential for improving model
accuracy and relevance (Kaplan and Ramanna, 2021).Organizational resistance is another
barrier to implementation. Resistance frequently arises from limited awareness, concerns about
increased workload, or doubts regarding the anticipated benefits. The study found that clear
communication, training, and leadership support are key to overcoming these challenges.
Aligning carbon tracking with business incentives such as cost savings, risk reduction, or

compliance can also improve buy-in (Harvard Business School, 2023).
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Spend-based emission tracking emerged as a practical starting point for many organizations.
While less precise than activity-based methods, it is easier to implement and scale. The research
proposes a hybrid approachstarting with spend-based tracking and gradually incorporating more
granular data as capabilities mature. This approach allows organizations to build momentum,
demonstrate value, and continuously improve (Kaplan and Ramanna, 2021).

Scaling decarbonization technologies requires a strategic and coordinated effort. Pilot
projects are valuable for testing new ideas, but they must be supported by funding, leadership,
and integration into broader business planning. The study recommends creating internal
innovation hubs, forming external partnerships, and embedding decarbonization into capital
investment cycles. Long-term success depends on aligning innovation with strategy, operations,
and culture (Harvard Business School, 2023).Data quality and governance are foundational to
effective emissions tracking. The research identified data gaps, inconsistencies, and lack of
ownership as major barriers. Establishing clear data governance through defined roles, regular
audits, and centralized oversight is essential. Digital tools can support this by improving data

traceability, standardization, and transparency (Kaplan and Ramanna, 2021).

5.4 Final Reflections
As this research draws to a close, it becomes clear that the journey toward thoughtful and
manageable tracking of emissions for Scope 3 is not just digital endeavour it is a profound
organizational transformation. The findings of this study, while rooted in data and systems,
ultimately speak to a larger narrative: one of responsibility, resilience, and reinvention. In a
world increasingly defined by environmental urgency, the ability of organizations especially

those in carbon-intensive sectors like energy to measure and manage their indirect emissions is
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not extensive. It is a defining feature of corporate leadership in the 21st century (Harvard Office
for Sustainability, 2023). What began as an exploration of emissions tracking through
procurement data evolved into a broader inquiry into how organizations think, act, and
collaborate in the face of environmental impacts. The research revealed that while tools and
technologies are essential, they are only as effective as the people and processes that support
them. A carbon accounting platform, no matter how advanced, cannot drive change on its own.
It must be embedded within a philosophy that beliefs transparency, embraces modernisation,
and is willing to challenge the status quo (Harvard Division of Continuing Education, 2023).
One of the most striking realizations from this study is the power of clarity in vision, in goals,
and in communication. Organizations that articulate a compelling sustainability vision,
grounded in their unique context and aligned with global climate goals, are better equipped to
mobilize internal and external stakeholders. This clarity acts as a compass, guiding decisions
across departments and supply chains, and ensuring that sustainability is not a side initiative but
a core business priority (Harvard Office for Sustainability, 2023).

Equally important is the role of collaboration. The complexity of Scope 3 emissions means
that no organization can tackle them alone. Suppliers, partners, regulators, and even competitors
must be part of the solution. The research highlighted that meaningful supplier engagement goes
beyond audits and compliance checklists. It requires trust, shared incentives, and a willingness
to invest in mutual growth. When suppliers are treated as partners in sustainability, rather than
as external risks to be managed, the potential for innovation and impact multiplies (Harvard

Division of Continuing Education, 2023).
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The study also underscored the importance of adaptability. The path to decarbonization is
not linear. It is filled with uncertainties technological, economic, and regulatory. Organizations
must be prepared to iterate, to learn from failures, and to evolve their strategies over time. This
requires not only technical agility but also organizational humility recognition that sustainability
is a journey, not a destination (Harvard Office for Sustainability, 2023). From a systems
perspective, the integration of carbon accounting tools into existing business processes emerged
as both a challenge and an opportunity. The research showed that while integration can be
complex, it is also a substance for broader digital migration. As firms modernize their data
infrastructure to support emissions tracking, they often unlock new capabilities in analytics,
forecasting, and decision-making. In this way, sustainability becomes a driver of operational
excellence, not just a compliance requirement (Harvard Division of Continuing Education,
2023). Most importantly, this research affirms that sustainability is not a burden it is a source of
strategic advantage. Companies that lead in emissions transparency and reduction are not only
mitigating risk; they are building trust with stakeholders, attracting talent, and placing them
towards long-term success in a low-carbon economy. They are reshaping the meaning of
competitiveness by extending it beyond financial performance to encompass organizational
purpose (Harvard Office for Sustainability, 2023).

In reflecting on the broader implications of this work, it is evident that the energy sector
stands at a pivotal moment. The decisions made today about how to measure emissions, how to
engage suppliers, and how to invest in decarbonization will shape not only the future of

individual companies but also the trajectory of global climate action.
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CHAPTER VI

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS

6.1 Summary

The findings of this study reveal that organizations can effectively establish a sustainability
vision by embedding environmental priorities into their core strategic planning. A clear vision,
when communicated consistently by leadership, serves as a unifying direction across
departments and supply chain partners (Harvard Office for Sustainability, 2023). The results
show that measurable sustainability goals are more likely to succeed when they are specific,
time-bound, and aligned with broader organizational values (Harvard Division of Continuing
Education, 2023). This research set out to explore how organizations particularly within the
energy sector can effectively measure, manage, and reduce Scope 3 carbon emissions across
their supply chains. Through a structured methodology that combined spend-based emissions
tracking, supplier engagement, and digital integration, the study uncovered a range of insights
that bridge the gap between sustainability ambition and operational execution. The findings
affirm that a sustainability vision is most impactful when it is not merely aspirational but
embedded into the strategic core of the organization. When leadership consistently
communicates this vision and aligns it with business objectives, it becomes a unifying force that
guides decision-making across departments and cascades into the supply chain (Harvard Office
for Sustainability, 2023).The study revealed that organizations that co-create their sustainability
goals with internal teams and external partners are more likely to foster ownership,
accountability, and long-term commitment (Science Based Targets initiative, 2023).
Engagement with suppliers and stakeholders emerged as a critical success factor. The study

found that collaborative frameworks such as joint planning sessions, shared sustainability
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targets, and transparent communication help build trust and accountability. However, challenges
such as varying levels of awareness, resource constraints, and misaligned incentives were
identified as barriers. Overcoming these required tailored engagement strategies and the
integration of sustainability into procurement and supplier evaluation processes (Science Based
Targets initiative, 2023). Measurable sustainability goals emerged as a critical success factor.
The research emphasized that goals must be specific, time-bound, and aligned with broader
organizational values to be effective (Harvard Division of Continuing Education, 2023). Vague
or overly ambitious targets, while well-intentioned, often fail to translate into actionable plans.
In contrast, goals that are grounded in operational feasibility and supported by clear metrics
enable organizations to track progress, course-correct, and celebrate milestones. Supplier
engagement was identified as both a challenge and an opportunity. The study found that while
many suppliers are willing to participate in sustainability initiatives, they often face barriers such
as limited resources, lack of awareness, or misaligned incentives. Organizations that overcame
these challenges did so by adopting collaborative frameworks joint planning sessions, shared
sustainability targets, and transparent communication channels. These approaches helped build
trust, foster mutual accountability, and align supplier performance with environmental
objectives (Science Based Targets initiative, 2023).

On the technical front, the integration of carbon accounting software and emission factor
databases into existing business systems was found to be both feasible and beneficial. However,
the process is not without its complexities. System compatibility, data quality, and cross-
functional collaboration were identified as key enablers of successful integration (Harvard
Division of Continuing Education, 2023). The study highlighted that organizations often

struggle to translate model-based assumptions into real-world applications due to fragmented
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data and operational complexity.

Spend-based emissions tracking was validated as a practical starting point, particularly for
organizations in the initial phases of their emission tracking initiative. While this method lacks
the precision of activity-based tracking, it offers scalability and ease of implementation. The
research recommends a fusion method beginning with tracking based on spend and slowly
moving granular, activity-based data as internal capabilities mature (Harvard Office for
Sustainability, 2023). The results indicate that integrating carbon accounting software and
emission factor databases into existing business systems is both feasible and beneficial, but not
without challenges. Successful integration depends on system compatibility, data quality, and
internal collaboration between IT, finance, and sustainability teams. The study found that
organizations often struggle to translate model-based assumptions into real-world applications
due to data limitations and operational complexity (Harvard Division of Continuing Education,
2023). Spend-based emission tracking was found to be a practical starting point, especially for
organizations new to carbon accounting. However, its limitations in precision were
acknowledged. A hybrid approach combining spend-based and activity-based data was
recommended for more accurate tracking over time (Harvard Office for Sustainability, 2023).
The research also highlighted that scaling decarbonization technologies requires more than
technical readiness. Organizational readiness, leadership commitment, and access to funding
were identified as key enablers. Pilot projects often succeeded in controlled environments but
faced resistance when scaled due to unclear ROI or lack of internal expertise (Science Based
Targets initiative, 2023).

Overall, the results support the idea that sustainability is most effective when it is co-created

with stakeholders, rather than imposed top-down. The results emphasize the need for a phased,
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adaptive approach to carbon tracking and decarbonization one that balances technical solutions
with organizational change management. Finally, the study emphasized that scaling
decarbonization technologies requires more than technical readiness. Organizational readiness,
leadership commitment, and access to funding were identified as critical enablers. Pilot projects
often succeed in controlled environments but face resistance when scaled due to unclear return
on investment or lack of internal expertise. Embedding decarbonization into capital planning,
innovation strategies, and performance management systems is essential for long-term success
(Harvard Division of Continuing Education, 2023). In essence, the research supports the idea
that sustainability is most effective when it is co-created with stakeholders, integrated into core
operations, and approached with both strategic clarity and operational pragmatism. A phased,
adaptive approach one that balances technical solutions with organizational change management

is key to achieving meaningful progress in carbon reduction.

6.2 Implications

The results of this research carry numerous important inferences for both organizational
practice and upcoming study in the areas of sustainability strategy and carbon management.
Firstly, the study reinforces the need for organizations to move beyond symbolic sustainability
commitments and instead embed environmental goals into the core of their strategic and
operational planning (Harvard Law School Forum on Corporate Governance, 2025). This
suggests that sustainability should be embedded within core business development, risk
management, and value creation processes, rather than pursued as a standalone initiative.
Organizations that adopt such an integrated perspective are more likely to build long-term
resilience and sustain stakeholder confidence (Harvard Office for Sustainability, 2023).

Secondly, the fallouts focus the key function of partnership across the SC function. This
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suggests that sustainability cannot be achieved in isolation; it requires coordinated efforts with
suppliers, partners, and service providers (Science Based Targets initiative, 2023). The
implication is that organizations must invest in relationship-building, knowledge-sharing
platforms, and joint accountability mechanisms to ensure that sustainability goals are
collectively owned and implemented.

The study also points to the practical challenges of implementing carbon accounting tools
and emission tracking systems. This has implications for technology adoption strategies,
indicating that organizations must prioritize system compatibility, data governance, and cross-
functional coordination (Harvard Division of Continuing Education, 2023). Moreover, the
conclusions direct towards waterfall model starting with accessible methods like spend-based
tracking and evolving toward more detailed approaches can help organizations build internal
capacity while maintaining momentum.

Another key implication is the need for organizations to address the human and cultural
dimensions of sustainability transformation. Resistance to change, less awareness, and lack of
clearly defined incentives. This underscores the importance of leadership engagement,
employee training, and internal communication strategies that align sustainability with
organizational values and individual roles (Harvard Law School Forum on Corporate
Governance, 2025). Finally, the research implies that scaling decarbonization technologies
requires more than technical readiness. It demands a supportive organizational environment,
long-term investment planning, and mechanisms to evaluate and communicate the value of these
technologies (Science Based Targets initiative, 2023). Organizations must therefore view
decarbonization not just as a compliance requirement, but as a strategic opportunity for

innovation and competitive advantage. In summary, the implications of this study suggest that
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achieving meaningful progress in sustainability and carbon reduction requires a holistic
approach one that combines strategic clarity, operational integration, stakeholder collaboration,

and a strong foundation of data and technology (Harvard Office for Sustainability, 2023)

6.3 Recommendations for Future Research

While this research provides a robust framework for addressing Scope 3 emissions in the
energy sector, it simultaneously identifies multiple opportunities for further scholarly
investigation. These recommendations are intended to deepen the field’s understanding of
sustainability strategy and carbon intelligence, while addressing some of the limitations and
emerging questions identified during the study.

First, we could discover how carbon tracking methodologies can be tailored to specific
industries. Each sector has its own operational dynamics, regulatory pressures, and emissions
profiles. A sector-specific approach would allow for more nuanced insights and practical
guidance, helping organizations adapt sustainability strategies to their unique contexts (Harvard
Office for Sustainability, 2023)

Second, longitudinal experiments will help validate the continued efforts of sustainability
initiatives. While this research provided a snapshot of current practices, a time-based perspective
would reveal how organizations evolve in their sustainability journeys what strategies endure,
what challenges persist, and what innovations emerge over time (Harvard Law School Forum
on Corporate Governance, 2025). Third, the human element of sustainability transformation
warrants deeper exploration. Future studies could examine how structural culture, management
behaviour, and employee engagement effect the acceptance and efficiency of sustainability
practices. Understanding the psychological and social dimensions of change could unlock new

strategies for driving internal alignment and commitment (Harvard Division of Continuing
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Education, 2023). Fourth, comparative research on emissions tracking methods could help
compare between spend-based, activity-based, and hybrid models. As organizations mature in
their carbon accounting capabilities, they will need guidance on how to balance practicality with
precision, and how to transition from one method to another (Harvard Office for Sustainability,
2023). Fifth, the role of emerging technologies in carbon intelligence is a fertile area for
exploration. Automation, predictive analytics, and real-time data streams have the potential to
transform carbon accounting from a retrospective reporting tool into a proactive decision-
making system. Future research could investigate how these technologies are being adopted,
what barriers exist, and what outcomes they enable (Harvard Law School Forum on Corporate
Governance, 2025). Sixth, the regulatory landscape is evolving rapidly, with new mandates and
disclosure requirements emerging across jurisdictions. Research into how these regulations
influence corporate behaviour, and how organizations can anticipate and adapt to them, would
be highly valuable for both policymakers and practitioners (Harvard Division of Continuing
Education, 2023). Seventh, prospect evaluations could examine how supplier engagement
strategies vary across cultural, economic, and regulatory contexts. Understanding these
differences could help organizations build more inclusive, resilient, and effective sustainability
networks (Harvard Office for Sustainability, 2023). Finally, research is needed on how to scale
decarbonization technologies from pilot projects to enterprise-wide adoption. This includes
exploring the financial, structural, and cultural levers that enable scale, as well as the barriers
that prevent it. Insights from such studies could inform the design of more effective innovation
strategies and investment frameworks (Harvard Law School Forum on Corporate Governance,

2025).
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Summarizing, the time ahead for sustainability exploration sits in the ability to bridge
disciplines, sectors, and geographies. As the ecosphere changes concerning a net zero economy,
the need for rigorous, actionable, inclusive research has never been greater. This study

contributes to that effort and invites others to build upon its foundation.

6.4 Conclusion

The journey toward decarbonizing the supply chain is not a linear path paved solely with
technology and data it is a dynamic, evolving transformation that demands a rethinking of how
organizations define value, build relationships, and make decisions (Harvard Business School,
2024). This study has illuminated the complex interplay between strategy, systems, and human
behavior in the context of Scope 3 emissions management. What emerges is a compelling
narrative: that the most effective sustainability transformations are those that are deeply personal
to the organization, rooted in its identity, and carried forward by its people (Harvard Office for
Sustainability, 2023). At the core of this revolution lies the gratitude that sustainability is not a
bolt-on initiative or a compliance checkbox it is a redefinition of purpose. Organizations that
succeed in embedding sustainability into their operations do so not because they are forced to,
but because they choose to. They recognize that environmental stewardship is not in conflict
with profitability or growth; rather, it is a prerequisite for long-term relevance and resilience
(ClimateSort, 2025).

The research has shown that a sustainability vision gains power when it is not handed down
from the top but co-created across the organization. When employees, suppliers, and partners
see themselves reflected in the vision, it becomes more than a statement it becomes a shared
mission (Harvard Business School, 2024). This collective ownership fosters alignment,

accelerates adoption, and builds the cultural momentum needed to sustain change over time. It
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also ensures that sustainability is not confined to a single department but is woven into the fabric
of everyday decision-making. Operationalizing this vision requires more than ambition; it
requires structure. Measurable goals, clearly defined roles, and integrated systems are essential
for translating intent into impact. The study found that organizations that set specific, time-
bound sustainability targets aligned with their operational realities were more likely to make
consistent progress (Harvard Office for Sustainability, 2023).

Technology plays a critical role in enabling this operationalization. Carbon accounting tools,
emissions databases, and digital dashboards provide the infrastructure needed to track progress,
identify hotspots, and inform strategy. But technology alone is not a silver bullet. Its usefulness
dangles on how well it is assimilated into existing systems, how accessible it is to users, and
how aligned it is with the organization’s workflows (ClimateSort, 2025). The research
highlighted that successful implementation hinges on cross-functional collaboration
particularly between sustainability, finance, and IT teams. When these teams work in harmony,
data becomes not just a record of the past but a roadmap for the future. One of the most profound
insights from this study is the importance of supplier engagement. Scope 3 emissions, by
definition, lie outside the organization’s direct control. This makes collaboration not command
the key to progress (Harvard Business School, 20241). The findings reveal that supplier
participation in sustainability initiatives increases when suppliers are engaged early, positioned
as strategic partners, and supported through access to relevant capabilities and knowledge.
Establishing clear boundaries for sustainable practices across the supply chain is identified as
another essential step. Not all emissions are created equal, and not all suppliers have the same
capacity to change. The study found that organizations that prioritized high-impact areas using

tools like spend analysis and life cycle assessments were able to focus their efforts where they
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mattered most (Harvard Office for Sustainability, 2023 2).

Real-world application of the proposed strategies confirmed their practicality. Organizations
that piloted the framework reported improvements in emissions visibility, supplier
collaboration, and decision-making agility. However, the research also surfaced the importance
of adaptability. No two organizations are the same, and sustainability strategies must be tailored
to reflect unique contexts, cultures, and constraints. Perhaps the most important takeaway from
this study is the need for balance. Sustainability is not a binary choice between ambition and
pragmatism, between innovation and tradition, or between people and technology. It is a
dynamic equilibrium that must be constantly recalibrated (ClimateSort, 2025). This research
also challenges the notion that sustainability is a destination. It is, in fact, a journey one that
unfolds over time, across functions, and through relationships. It is a journey marked by
progress, not perfection; by learning, not linearity. And it is a journey that requires courage: the
courage to question assumptions, to oppose the status quo and lead with purpose. The
implications of this journey extend far beyond the walls of any single organization. As climate
change accelerates and shareholder prospects evolve, the skill to measure and handle carbon
emissions will become a defining capability. Investors will demand it. Customers will expect it.
Regulators will enforce it. And employees will choose to work for organizations that embody it
(Harvard Business School, 2024). In this context, sustainability is not just a constraint it is
strategic differentiator. The recommendations offered in this study provide a roadmap for
organizations seeking to embark on or accelerate their sustainability journey. They emphasize
the importance of starting where you are, using the data you have, and building the capabilities
you need. They advocate for a phased approach one that begins with practical steps like spend-

based tracking and evolves toward more sophisticated models as maturity grows. And they
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highlight the value of collaboration within the organization, across the supply chain, and with
the distinctive environment of stakeholders.

Looking ahead, the path to a low-carbon economy will be shaped by those who are willing
to lead. It will be shaped by leaders who understand that the future is not something we inherit
it is something we create. And it will be shaped by the collective actions of individuals, teams,
and institutions who believe that a better world is not only possible but necessary. As a closure,
this research affirms that the pursuit of supply chain decarbonization is not just a technical
hurdles it is a human endeavor. It is about aligning values with actions, systems with strategy,
and ambition with accountability. It is about building organizations that are not only efficient
and profitable but also ethical and regenerative. And it is about recognizing that in the face of
barriers across the world, our greatest asset is not our technology or our capital it is our capacity
to collaborate, to adapt, and to lead with purpose. This work has setup foundations for a new
way of thinking about emissions management one that is holistic, inclusive, and future-focused.
The hope is that it will inspire further inquiry, inform better decisions, and contribute to a
growing movement of organizations focus towards sustainable, equitable, and resilient world.
The quest of supply chain decarbonization represents a multifaceted transformation that extends
beyond technological innovation to encompass organizational culture and strategic alignment.
This study reveals that a compelling sustainability vision is most impactful when it originates
from within the organization, reflecting its unique values and long-term aspirations. When co-
developed and clearly communicated, such a vision fosters alignment across all levels and

functions.
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Operationalizing this vision requires the establishment of measurable, realistic goals and the
integration of carbon accounting tools into existing systems. While these tools offer enhanced
visibility and data-driven decision-making, their successful implementation depends on internal
coordination, particularly among sustainability, finance, and IT teams.

Furthermore, the research emphasizes the importance of engaging suppliers early and
defining clear boundaries for sustainable practices within the supply chain. Real-world
application of the proposed strategies demonstrates their practicality and highlights the
importance of adaptability in diverse business contexts.Ultimately, the findings advocate for a
balanced approach one that combines strategic clarity, operational integration, and collaborative

governance.
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APPENDIX A

SURVEY COVERING LETTER

Dear [Participant's Name/Industry Professional],

Subject: Invitation to Participate in a Doctoral Study on Supply Chain Decarbonization.

I am writing to introduce myself as Venugopal Bhat, a Doctor of Business Administration
candidate at the Swiss School of Business Management (SSBM) in Geneva. My doctoral
research investigates how organizations in the oil and gas industry are addressing supply chain
decarbonization, with a particular focus on Scope 3 emissions. I would like to invite you to take

part in this research study.

“Leveraging Ways to Decarbonise the Supply Chain Processes in Oil and Gas Industry for

a Sustainable Green Environment.”

The objective of this study is to investigate, identify effective strategies, models, and
technologies that can help track and focus on Net zero ambitions. Given the increasing global
emphasis on sustainability and the critical role of Scope 3 emissions, this research focuses on

investigative practical and scalable solutions for achieving net-zero targets.

To support this research, I am conducting a survey to gather insights from professionals

and experts like yourself who are involved in supply chain, sustainability, or energy-related
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functions. Your participation will be invaluable in helping to shape a thorough insight of current

practices, challenges, and opportunities in supply chain decarbonization.

This survey is completely anonymous and should take about 10 minutes to finish. All the data

gathered will be treated with strict privacy and used only for research requirements only.

[Research Survey on Supply Chain Decarbonization]

Your contribution will support academic research and help advance the broader goal of a more
sustainable energy industry. For any queries or further details, please contact me at

venukan@gmail.com.

Thank you.

Warm regards,
Venugopal Bhat
Doctoral Candidate, DBA Program

Swiss School of Business Management (SSBM), Geneva
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https://forms.gle/qRFCSTjwUQXebJwVA

APPENDIX B

INFORMED CONSENT

Title of the Study:Leveraging Ways to Decarbonise the Supply Chain Processes in Oil and Gas

Industry for a Sustainable Green Environment.

Researcher:Venugopal Bhat
Program:Doctor of Business Administration (DBA)

Institution:Swiss School of Business Management (SSBM), Geneva

Purpose of the Study: his research study seeks to examine the strategies and challenges
associated with decarbonizing supply chain processes within the Energy sector. The primary
objective is to identify practical and actionable approaches for reducing carbon emissions while

supporting the transition toward a more sustainable and environmentally responsible future.

Procedures : If you choose to take part, fill out a brief survey that should take around 5-7
minutes to complete. The questions will focus on your experiences and perspectives related to
the topic being studiedyour professional experience, organizational practices, and perspectives

on sustainability and supply chain decarbonization.

Voluntary Participation : Feel free to decline or stop your contribution at any point, without

facing any negative consequences. You can also choose not to respond to some questions if you

are uncomfortable with.
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Confidentiality: We will take care of our data with outmost care and privacy

Risks and Benefits : There are no known risks associated with participating in this study, there

will be no compensation or financial benefits provided.

Contact Information :We encourage you to ask questions if you have concerns about the study

or your rights to contact: Venugopal Bhat, +91-9845617372, venukan2(@gmail.com.
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APPENDIX C

INTERVIEW GUIDE

Introduction (To be read to the participant)

The objecticve is to understand your perspectives, experiences on sustainability practices,
challenges, prospects related to carbon emissions in supply chains. The information you provide
will remain private and be utilized exclusively for scholarly research.The interview will take
approximately 30—45 minutes. You may accept or withdraw at any time or not respond to few
questions. Can I record this interview for transcription purposes?

Section A: Contextual Data

Can you briefly define your current key deliverables and assigned job role?

Work tenture energy sector?

What is your experience with supply chain operations or sustainability initiatives?

Section B: Awareness and Strategic Importance

Describe your establishment’s awareness of carbon tracking within your industry?

Is decarbonization considered a strategic priority in your organization? Why or why not?
Are you familiar with Scope 3 emissions? How are they addressed in your company?

4. Section C: Current Practices and Tools

What measures has your organization taken to mitigate emits orginated from carbon?
Are there any tools, technologies, or frameworks you use to track or manage emissions?

How do you engage with suppliers or logistics partners on sustainability goals?
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10.

11.

12.

13.

14.

15.

16.

17.

5. Section D: Challenges and Barriers
What are the hurdles your organization faces in SC decarbonizing?
Are there any regulatory, financial, or operational constraints that hinder progress?

How do you address data transparency and traceability across the supply chain?

6. Section E: Opportunities and Future Outlook

What opportunities do you see for innovation or collaboration in this space?
What role do you think digital technologies (e.g., Al, blockchain, IoT) can play in
decarbonization?

How optimistic are you about the oil and gas industry achieving net-zero supply chains by 20507

7. Closing
Is there anything else you would like to share regarding sustainability or supply chain
decarbonization?

Would you be open to a follow-up discussion if needed?
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