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ABSTRACT

The oil and gas industry in India, a fundamental component of the country's economy and energy independence, is
increasingly compelled to shift towards sustainable practices in alignment with the nation's objective of achieving
net-zero emissions by 2070. This study investigates the decarbonization approaches within the sector,
concentrating on the obstacles, innovations, and pathways for practical application. It analyzes the sector's
contribution to greenhouse gas emissions, classified into Scope 1, 2, and 3 emissions, and emphasizes the crucial
involvement of major entities such as ONGC, BPCL, IOCL, and OIL in fostering decarbonization initiatives.

The research assesses the integration of renewable energy sources, particularly solar and wind energy projects,
while also examining the advancement of green hydrogen technologies. Initiatives such as IOCL’s ethanol blending
and BPCL’s bio-CNG project highlight the significance of bioenergy in mitigating emissions and bolstering energy
security. Furthermore, the incorporation of carbon capture, utilization, and storage (CCUS) technologies illustrates
efforts to address emissions from challenging sectors. Case studies elucidate innovative methodologies, including
ONGC’s offshore wind projects, BPCL’s hydrogen-based refinery modifications, and IOCL'’s real-time emissions
tracking systems.

Notwithstanding these progressions, the transition is obstructed by substantial capital requirements, technological
and infrastructure deficiencies, as well as policy and regulatory challenges. The need to harmonize economic
development with ecological objectives remains a critical issue. The results accentuate the necessity for
cooperative endeavors, financial innovations, and comprehensive policy frameworks to surmount these challenges.
By capitalizing on these strategies, India's oil and gas sector can spearhead the shift towards a low-carbon economy,
establishing a global standard for sustainability within developing nations.
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INTRODUCTION

Climate change is now recognized as the most pressing problem of the 21st century, prompting governments,
corporations, and communities to intensify efforts to reduce greenhouse gas (GHG) emissions to mitigate its
detrimental effects (Balsara et al., 2021). Initiated in 2015, the Paris Agreement establishes a global framework aimed
at restricting the rise in global temperatures to far below 2°C relative to pre-industrial levels, with the objective of
attaining 1.5°C. Achieving these objectives necessitates a profound transition across all sectors, particularly those
dependent on fossil fuel resources (Santos et al., 2022). In this context, nations globally have established aggressive
net-zero emission objectives, seeking to equilibrate the quantity of greenhouse gas emissions produced with the
volume sequestered from the environment (Liu & Raftery, 2021). India, as a signatory of the Paris Agreement, has
established itself as an essential contributor to international climate efforts (Sharma, 2023). During the COP26
meeting in Glasgow, India pledged to achieve net-zero emissions by 2070, a bold commitment that reflects the
principles of climate equity and the nation's socioeconomic objectives (Jairaj & Kumar, 2019). India's trajectory
towards net-zero is influenced by its own developmental obstacles (Sharma, 2023). The nation, recognized as one
of the fastest-growing economies worldwide, has the dual objective of promoting economic expansion while
meeting its environmental obligations. In India, energy is essential for its development, with a projected increase in
demand due to rapid urbanization, industrial advancement, and population growth (Sinha et al., 2018). Currently,
fossil fuels account for over 75% of India's energy framework, driving the industry and obstructing the essential
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transition to a low-carbon economy (Sinha et al., 2018).
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Fig — 1 India’s Energy Basket

The energy composition in India reveals the pre-eminence of fossil fuels, with coal representing 56.34% and oil
comprising 27.10% of the overall energy utilization. The share of natural gas is a modest 5.78%, with renewable
energy sources and hydro power representing 6.10% and 3.58%, respectively (PPAC Ready Reckoner, 2024). The
share of nuclear energy remains minimal at just 1.11%. This distribution emphasizes the crucial importance of fossil
fuels within India's energy framework while simultaneously indicating the considerable opportunities for enhancing
renewable and low-carbon energy alternatives (Akaev & Davydova, 2021). A transformation in this energy
composition is imperative for achieving India's net-zero objectives and facilitating a sustainable energy transition
(Sen et al., 2023). India's interim climate objectives, including a 45% reduction in GDP emissions intensity by 2030
(compared to 2005 levels) and ensuring that 50% of its total electric power capacity comes from renewable energy
sources, are ambitious and demonstrate a robust commitment to aligning economic growth with sustainable
development. Nonetheless, the pursuit of these aspirations faces significant challenges, including technological
deficiencies, financial constraints, and structural obstacles, underscoring the oil and gas sector's pivotal position in
decarbonisation efforts (Rashed & Shah, n.d.). The energy and petroleum sector is essential to India's economic
structure. It satisfies a considerable share of the nation's energy requirements while also markedly impacting GDP,
employment expansion, and governmental revenue sources (Anika et al., 2022). In all scenarios, the sector serves
as a significant source of greenhouse gas emissions, accounting for around 15% of the global total energy-related
emissions from direct measures and an additional 40% from the eventual use of fossil fuels (Durga et al., 2022).
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Fig-2 Consumption of Petroleum Products

Prominent companies in the Indian energy sector, including Oil and Natural Gas Corporation (ONGC), Bharat

73|Page
Volume 4 Issue 2
April - June 2025



@ e D)P (@ International Journal of Management, Public Policy and Research

B.K.SCHOOL OF PROFESSIONAL | GUIARAT International, Peer Reviewed journal

&MANAGEMENT STUDIES UNIVERSITY

E-ISSN: 2583-3014

Petroleum Corporation Limited (BPCL), and Indian Oil Corporation Limited (IOCL), significantly contribute to the
enhancement of the nation's energy infrastructure. The dual challenge these companies face is achieving economic
success while aligning with climate initiatives both locally, and globally (Das et al., 2023). Mitigating emissions in
this industry requires strategic measures across three categories: Scope 1 (direct emissions from operational
activities), Scope 2 (emissions from energy usage), and Scope 3 (emissions generated throughout the supply chain,
including end-use scenarios) (Rawat & Garg, 2021). India's petroleum and natural gas sector is distinctly positioned
to facilitate the transition to a low-carbon economy (Solarin & Bello, 2021). Innovative methodologies are being
implemented by entities in this sector to reduce emissions and align with net-zero objectives. These tactics involve
financial investments in renewable energy projects, carbon capture and utilization technologies, green hydrogen
production, and the development of biofuels (Lawrenz et al., 2018). The incorporation of renewable energy is a
fundamental aspect of these programs, with companies like ONGC and IOCL undertaking significant solar and wind
energy projects to reduce reliance on fossil fuels. The progress of green hydrogen, capable of decarbonizing hard-
to-abate industries, represents another disruptive opportunity (Apostoli & Gough, 2016).

Fig-2 O&G Company’s approach to sustainability.

For instance, IOCL and BPCL are directing expenditures towards the production of electrolyzers and the
development of hydrogen production facilities, aiming to replace traditional fuels with eco-friendly alternatives.
Similarly, CCUS technologies are being utilized to capture emissions produced by industrial activity, with ONGC
and OIL leading initiatives to integrate these systems into their operating frameworks. Despite the sector's
aggressive initiatives, some impediments hinder its transition. The deployment of advanced decarbonization
technologies, including green hydrogen and CCUS, demands substantial financial investment (Mathur & Shekhar,
2020), which entails intensive research and development as well as worldwide collaboration. Furthermore, the
absence of a unified carbon pricing mechanism and the inconsistency in regulatory frameworks (Nouni et al., 2021)
create uncertainty for stakeholders. Financial constraints pose a substantial obstacle, as the transition to sustainable
energy systems requires enormous upfront investments, potentially straining the resources of both public and
commercial sectors (Mathur & Shekhar, 2020). Insufficient infrastructure, characterized by absent renewable
energy systems, inadequate hydrogen storage, and a deficiency of carbon capture facilities (LaFaver, 2022),
exacerbates the challenges encountered throughout the shift. Furthermore, ensuring that the transition is both
equitable and inclusive continues to be a paramount concern, especially for communities reliant on fossil fuel
industry (Agbaji & Lakshmanan, 2023). Nonetheless, the prospects presented by the shift to net-zero emissions are
equally compelling. The expansion of renewable energy capacity, driven by India's dominance in solar and wind
energy (Mallapragada et al., 2023), has the potential to create new industries and promote employment
opportunities. The progress of green hydrogen and CCUS technology establishes India as a global leader in
sustainable energy innovation (Harichandan et al., 2023), thus creating new avenues for economic development.
Furthermore, reducing dependence on energy imports via domestic renewable energy generation enhances energy
security and fosters economic resilience (Colenbrander et al., 2023). The improvement of global collaboration with
these opportunities may facilitate the mobilization of the financial and technological resources necessary to achieve
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net-zero targets (Alagoz & Alghawi, 2023). In India, advancing decarbonization in the oil and gas sector is not only
an urgent imperative but also a critical opportunity (Vats & Mathur, 2022) to revolutionize the nation's energy
strategy. By adhering to global climate objectives, India may provide a model for other growing economies facing
similar issues. The sector's shift requires a holistic strategy that integrates policy reforms, technical innovations, and
collaborative initiatives among stakeholders (Dincer & Aydin, 2023). The measures implemented by the Indian
government, including the National Solar Mission, the Sustainable Alternative Towards Affordable Transportation
(SATAT) plan, and the National Hydrogen Mission, provide a strong policy framework to support these efforts.
Achieving net-zero emissions demands more than governmental intervention (Gyanwali et al., 2021). The formation
of public-private partnerships, international cooperation, and a commitment to innovation will be crucial in
overcoming the issues facing the sector.

REVIEW OF DECARBONIZATION STRATEGIES IN INDIA'S OIL & GAS SECTOR

The oil and gas sector in India occupies a pivotal role within the nation's energy framework and economic
architecture (Vats & Mathur, 2022), yet it continues to be a substantial source of greenhouse gas (GHG) emissions.
In pursuit of achieving net-zero emissions by the year 2070, enterprises within the oil and gas industry are
implementing extensive decarbonization strategies (Chaturvedi et al., 2021). Such methods aim at minimizing Scope
1, 2, and 3 emissions, integrating renewable energy solutions, making strides in the hydrogen market, carrying out
carbon capture, utilization, and storage (CCUS), and channeling investments towards bioenergy and green fuels
(Song et al., 2022). This portion offers a review of the steps taken by major players including ONGC, BPCL, and
IOCL, clarifying the challenges and chances that are part of these ventures.
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Fig- 4 Oil and Gas Company’s Sustainability Strategy

Scope 1, 2, and 3 Emissions: Definitions and Baseline Data

In the realm of GHG emissions, Scope 1 pertains to direct emissions originating from company-controlled sources,
comprising flaring, fuel combustion, and fugitive emissions (Mathur et al., 2022). Scope 2 includes indirect emissions
resulting from acquired energy such as electricity and steam, whereas Scope 3 encapsulates all other indirect
emissions, including those emanating from the value chain, such as the utilization of sold products. For enterprises
in the oil and gas sector, Scope 3 emissions frequently constitute the largest segment, thereby emphasizing the
necessity for systemic transformations within production and consumption paradigms. Preeminent Indian oil and
gas corporations have ascertained their baseline emissions to formulate precise mitigation strategies (Singh et al.,
2021). In the fiscal year 2021-22, ONGC made public its Scope 1 and 2 emissions, which totaled 9.00 million tonnes
of CO, equivalent (tCO,e), with Scope 3 emissions further increasing this figure by 24.30 million tCOse. In a
comparable manner, BPCL's emissions baseline for FY 2019-20 was approximately 10,300 thousand metric tonnes
of CO; equivalent (TMTCOze), with 97% of these emissions attributable to refinery operations. IOCL’s standalone
GHG emissions hit 22.7 million tCO,e as of March 2024, anticipated to escalate to approximately 40 million tCO,e
by 2030 owing to planned expansions (PPAC, 2024). These metrics establish a foundational framework for the
monitoring of emissions reductions and inform the execution of mitigation strategies.

Renewable Energy Integration

Renewable energy constitutes a critical component of decarbonization frameworks within the oil and gas sector,
offering a viable alternative to fossil fuels. Corporations are directing their investments towards solar, wind, and
hybrid renewable energy mechanisms to enhance operational energy supply and curtail emissions (Zhang et al.,
2022). ONGC is spearheading significant projects in the field of renewable energy. The organization has committed
to the establishment of hybrid solar and wind initiatives with a cumulative capacity of 5,465.8 MW, which is
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expected to yield an annual emissions reduction of 6.88 million tCOe. Additionally, ONGC is progressing with
offshore wind energy projects in Maharashtra, targeting a capacity of 720 MW and an estimated annual reduction
of 0.85 million tCO,e. Moreover, the company is actively pursuing small hydroelectric ventures, thereby expanding
its renewable energy portfolio by 156.1 MW (MPNG, 2024).

IOCL and BPCL are likewise advancing the integration of renewable energy. IOCL has effectively integrated solar
power into over 32,000 retail outlets, achieving a total installation capacity of 166.7 MW. The corporation is also
planning the addition of 1 GW of renewable energy capacity through a partnership with NTPC to ensure a stable
supply of green power. BPCL has deployed an Inter-State Transmission System (ISTS) hybrid strategy to meet its
renewable energy demands, blending solar and wind energy for optimal capacity utilization. By replacing grid
electricity with renewable energy across refineries and marketing facilities, BPCL aims to significantly reduce
operational emissions.

Advancing the Hydrogen Economy

The hydrogen economy is emerging as a crucial framework for decarbonization, particularly in sectors that face
substantial challenges, such as refining and heavy transportation (Guo et al., 2023). Indian oil and gas companies are
making considerable investments in green hydrogen production and the requisite infrastructure (Choudhary et al.,
2018). IOCL has established itself as a frontrunner in hydrogen initiatives, having launched a green hydrogen facility
with an annual production capacity of 10,000 tonnes at its Panipat refinery. The company is also engaged in
collaborative efforts to enhance domestic electrolyzer manufacturing capabilities and foster hydrogen mobility
solutions. BPCL has recognized green hydrogen as an essential strategy for decarbonization, aiming to replace its
current steam reforming units in refineries with electrolyzer-based systems powered by renewable energy. This
initiative is anticipated to account for 15% of BPCL's total emissions reduction by the year 2040. ONGC is increasing
its green hydrogen production capacity, targeting an annual output of 130,000 tonnes by 2038. The organization is
collaborating with startups and international partners to expedite the establishment of hydrogen infrastructure.
These efforts underscore the sector's dedication to positioning India as a global leader in the hydrogen economy.

Carbon Capture, Utilization, and Storage (CCUS)

The implementation of CCUS technologies is vital for the reduction of emissions stemming from industrial
operations that are inherently challenging to decarbonize. In India, oil and gas enterprises are at the forefront of
CCUS initiatives, striving to capture and sequester carbon emissions efficiently (Rai, 2010). Oil India Limited (OIL)
is pioneering CCUS advancements within its operations in Assam. The organization aims to deploy CO; injection
techniques to sustain reservoir pressure, with preliminary phases projected for initiation in 2027. Furthermore, OIL
is engaging in feasibility assessments for the storage of CO; in saline aquifers in Rajasthan, signifying its dedication
to investigating varied carbon sequestration methodologies. Similarly, ONGC has made CCUS a priority, aspiring
to achieve an annual capacity for sequestering 2.21 million tonnes of CO,. The enterprise is actively seeking
collaborations with international organizations to bolster its technological prowess. Notwithstanding their promise,
CCUS initiatives encounter considerable technical and financial obstacles. The elevated capital expenditures
associated with infrastructure, such as pipelines and storage facilities, hinder extensive implementation.
Additionally, the lack of comprehensive regulatory frameworks and carbon pricing initiatives within India
constrains the economic feasibility of CCUS projects. Overcoming these impediments is essential for the
proliferation of CCUS technologies within the oil and gas industry.

Bioenergy and Sustainable Fuels

Bioenergy and sustainable fuels present a viable strategy for decarbonizing the transportation sector and mitigating
Scope 3 emissions. Indian oil and gas firms are concentrating on ethanol blending, biodiesel manufacturing, and
bio-compressed natural gas (Bio-CNG) as pivotal approaches (Mio et al., 2023). IOCL has inaugurated a second-
generation (2G) ethanol facility in Panipat, boasting a production capacity of 100 KL/day utilizing paddy straw as its
feedstock. The organization has also introduced E-20 fuel at more than 4,700 retail locations and intends to enhance
its bio-CNG production capacity through strategic partnerships. BPCL is channeling investments into Bio-CNG as
a sustainable substitute for traditional fuels, with plans to incorporate Bio-CNG into the City Gas Distribution (CGD)
framework. These initiatives aim to tackle issues related to energy security and waste management. Innovations in
biodiesel and compressed biogas further augment the sector's decarbonization strategy. The production of biodiesel
from waste cooking oil and other renewable feedstocks is gaining momentum, while compressed biogas facilities
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are transforming agricultural and municipal waste into renewable energy. These projects not only diminish
emissions but also foster economic opportunities within rural communities.

CHALLENGES IN IMPLEMENTATION

India’s oil and gas industry occupies a pivotal role in the nation's endeavor to achieve a net-zero economy by 2070.
In spite of that, the execution of carbon reduction strategies in this domain encounters several challenges, which
cover financial, technological, infrastructural, and regulatory dimensions (Vishal et al., 2021). The sector is also
confronted with the imperative to reconcile economic development and energy security with environmental goals
(Tewari et al., 2021), thereby introducing additional layers of complexity to the transition. Comprehending and
confronting these challenges is imperative for the efficacy of the country’s decarbonization initiatives.

One of the most substantial obstacles is the considerable capital investment necessitated for the deployment of
decarbonization technologies and methodologies. Advanced technologies including the formulation of green
hydrogen, carbon capture and storage (CCUS), and renewable energy frameworks require substantial financial
capital. For demonstration, Indian Oil Corporation Limited (IOCL) estimates that it will invest 2.4 lakh crore in its
decarbonization approach, while Bharat Petroleum Corporation Limited (BPCL) has committed to an investment
exceeding 1 lakh crore for its net-zero goal. Oil and Natural Gas Corporation (ONGC) is likewise amplifying its
green energy initiatives through considerable investments in renewable energy and hydrogen infrastructure. These
financial obligations represent a considerable burden, particularly in an industry characterized by fluctuating oil
prices and mounting competition from renewable energy sources (Lin et al., 2021). Smaller entities within the oil
and gas value chain encounter even greater financial limitations, as they lack the capital of larger corporations to
engage in such transformative ventures. Elevated initial costs for renewable energy installations, hydrogen
production facilities, and CCUS (Keogh et al., 2022) infrastructure further dissuade stakeholders from committing
to extensive decarbonization efforts. Innovative funding mechanisms, including green bonds, international climate
finance, and public-private partnerships, are essential to mitigate these capital challenges.

Technological and infrastructural constraints further obstruct the execution of decarbonization strategies.
Technologies such as the production of green hydrogen (Nouni et al.,, 2021) and CCUS are either nascent or
prohibitively expensive, curtailing their scalability. For example, the production of green hydrogen depends on
energy-intensive electrolyzers (Itriago, 2023) (Magyari, 2023), which remain costly and largely sourced from abroad,
thus inflating project expenses and timelines. Similarly, CCUS encounters significant hurdles, including the
identification of appropriate CO, storage locations, the establishment of transport infrastructure, and integration
with pre-existing facilities. Additionally, renewable energy infrastructure, while vital for decarbonization, presents
its own array of challenges. Offshore wind energy projects (Raut et al., 2018) necessitate specialized equipment, grid
interconnectivity, and ongoing maintenance, all of which are scarce in India. Likewise, large-scale solar energy
installations face obstacles such as land acquisition and disagreements with local communities. Moreover, the
absence of advanced energy storage solutions to manage the intermittency of solar and wind energy (Papadis &
Tsatsaronis, 2020) introduces further complexity. Bridging these technological and infrastructural gaps demands
focused research and development, capacity enhancement, and international collaboration.

The regulatory and policy landscape presents considerable obstacles to the successful execution of decarbonization
initiatives (Magyari, 2023). India currently lacks a thorough carbon pricing framework, which is vital for promoting
emissions reductions and driving investments in low-carbon technologies (Dong, 2022). Although voluntary carbon
markets are beginning to emerge, their effectiveness remains constrained due to the absence of a solid regulatory
infrastructure. Additionally, policy discrepancies among states create operational difficulties for oil and gas
enterprises, particularly regarding renewable energy tariffs, land acquisition, and permitting procedures. It is
imperative to harmonize policies across various jurisdictions to facilitate operations and diminish uncertainties.
Another significant hurdle is the inadequately developed regulatory framework (Morch et al., 2022) for nascent
technologies such as hydrogen and carbon capture, utilization, and storage (CCUS). For instance, the guidelines
regarding the incorporation of hydrogen into natural gas pipelines or the long-term storage of CO, (Emodi et al.,
2022) are still in the preliminary phases, resulting in ambiguity for stakeholders. Furthermore, the ongoing
subsidization of fossil fuels compromises the competitiveness of low-carbon alternatives. Reallocating subsidies
towards renewable energy and green technologies (Mallapragada et al., 2023) can accelerate the transition while
ensuring the affordability of energy.

The quest to align economic progress with ecological priorities is one of the most challenging aspects we encounter
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during the decarbonization process (Budinis et al., 2018). As India evolves into a more dynamic economy, forecasts
indicate that the energy requirements will grow markedly in the future, influenced by urban development,
industrialization, and population growth (Dong, 2022). Right now, fossil fuels make up nearly three-quarters of
India’s energy composition, rendering them vital for addressing this necessity. Nevertheless, a swift transition away
from fossil fuels could jeopardize energy supply and affordability, particularly for marginalized communities and
energy-intensive sectors (Betiku & Bassey, 2022). Thus, ensuring a reliable and cost-effective energy supply during
this transition is essential for sustaining economic stability. The sector also encounters social challenges, as
decarbonization could result in job losses within traditional fossil fuel industries. This highlights the necessity for a
just transition framework that supports affected workers and communities through reskilling initiatives and the
generation of new employment opportunities within renewable energy and green technologies. Also, the growing
expenditures associated with low-emission energy alternatives could sway the worldwide competitiveness of
India’s industries that consume large amounts of energy. Achieving a balance between environmental sustainability
and economic feasibility is vital to ensure a smooth transition.

Securing financing for the transition to a low-carbon economy (Yonebayashi, 2022) remains a prominent concern.
While international climate finance may offer some assistance, domestic mechanisms such as green bonds,
sustainability-linked loans, and targeted climate-oriented investments (Grover, 2022) are equally significant.
Aligning these financial instruments with India’s developmental objectives will be crucial for achieving success.
Furthermore, promoting collaboration among public and private stakeholders can aid in mobilizing resources and
distributing risks, thereby rendering large-scale decarbonization projects more attainable.

Case Studies on Decarbonization Strategies in India's Oil and Gas Sector

The oil and gas industry in India is essential for national energy security and the economic structure; however, it
also plays a considerable role in greenhouse gas (GHG) emissions. With the aim of reaching net-zero emissions by
2070, key companies in the sector like ONGC, BPCL, IOCL, and OIL have taken on bold decarbonization initiatives.
These projects involve the utilization of renewable energy sources, improvements in green hydrogen technologies,
practices for carbon storage and capture (CCS), and developments in bioenergy. This section explores significant
case studies, emphasizing the strategies adopted by these corporations, their resultant impacts, and the obstacles
faced.

ONGC has established itself as a frontrunner in decarbonization with an ambitious target of realizing net-zero
emissions for Scope 1 and Scope 2 by 2038. A fundamental component of ONGC'’s strategy is its substantial
investment in renewable energy. The corporation has initiated major solar and wind energy projects in Gujarat and
Mabharashtra, which together contribute over 1,500 MW of clean energy capacity. These initiatives are anticipated
to mitigate emissions by 1.46 million tonnes of CO, equivalent each year.
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Fig — 5 Net-Zero Roadmap of ONGC (Source-PPAC Report-2024)
Furthermore, ONGC is investigating offshore wind projects to further broaden its renewable energy portfolio. The
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organization’s pursuits in Carbon Capture, Utilization, and Storage (CCUS) bear significant weight. Projects in Assam
and Rajasthan employ enhanced oil recovery (EOR) techniques to sequester CO, while simultaneously enhancing
oil production. By 2038, ONGC aspires to capture and utilize as much as 2.21 million tonnes of CO, annually. The
corporation has also enacted methane mitigation strategies, utilizing drone surveillance and satellite analytics to
diminish fugitive emissions by over 306,000 tonnes of CO, equivalent, thereby underscoring a strong commitment
to reducing operational emissions.

Bharat Petroleum Corporation Limited (BPCL) has embraced a holistic approach to attain net-zero emissions by
2040. Renewable energy is central to BPCL'’s strategy, with a specialized Renewable Business Unit managing the
implementation of solar and wind energy projects. The corporation is actively substituting conventional grid power
with renewable energy across its refineries and marketing sites. BPCL’s emphasis on the hydrogen economy is also
transformative. The enterprise's joint effort with the Bhabha Atomic Research Centre (BARC) has resulted in an
alkaline electrolyzer intended for the manufacture of green hydrogen. Transitioning BPCL’s refineries to hydrogen-
centric operations is anticipated to substantially lower the carbon intensity of its activities. Moreover, BPCL is
executing efficiency enhancements throughout its refineries, encompassing energy audits and process optimization
to improve furnace efficiency and minimize waste heat. These actions contribute to the company’s ambition of
achieving considerable emissions reductions while bolstering operational sustainability.

Indian Oil Corporation Limited (IOCL) has delineated a thorough framework aimed at attaining net-zero
operational emissions by 2046. A fundamental component of IOCL’s approach is its emphasis on bioenergy, notably
illustrated by the inauguration of a second-generation (2G) ethanol manufacturing facility in Panipat. This plant
employs agricultural byproducts to generate bioethanol, thereby bolstering the government’s ethanol blending
initiative and diminishing dependence on fossil fuels. Moreover, IOCL is at the forefront of the hydrogen economy,
currently developing a green hydrogen plant with a capacity of 10,000 TPA at its Panipat refinery. The organization
is harnessing its expertise to broaden hydrogen mobility options and establish itself as a vanguard in the hydrogen
sector. Additionally, IOCL has adopted digital innovation, implementing a comprehensive emissions monitoring
dashboard throughout its facilities. This apparatus offers real-time analytics to enhance emissions management and
guarantees adherence to sustainability objectives. These endeavors exemplify IOCL’s dedication to merging
innovation with sustainability.

Oil India Limited (OIL) has undertaken ambitious measures to diminish its carbon emissions through renewable
energy and zero-flare projects. The corporation has committed to abolishing routine flaring by 2025, achieving
notable advancements via pipeline enhancements and compressor installations. These initiatives have already led
to a reduction in flaring by 0.15 MMSCMD, resulting in a decrease of 316 tonnes of CO, equivalent in daily
emissions. OIL is also making strides in hydrogen mobility, having conducted a pilot program for a hydrogen fuel
cell e-bus and established a 100 kW green hydrogen facility in Assam. Furthermore, the company is performing
feasibility assessments for CO, storage within saline aquifers in Rajasthan as part of its overarching carbon capture,
utilization, and storage (CCUS) strategy. These efforts illustrate OIL’s proactive stance toward decarbonization and
its dedication to harmonizing with national and global climate objectives.

In aggregate, these case studies illuminate the varied approaches undertaken by India's oil and gas enterprises to
decarbonize their operations. The integration of renewable energy surfaces as a recurring theme, with organizations
making substantial investments in solar, wind, and bioenergy initiatives to minimize their reliance on fossil fuel
sources. The hydrogen economy also constitutes a vital focal point, marked by considerable investments in green
hydrogen production and mobility strategies. CCUS technologies hold significant importance as well, addressing
emissions from challenging industrial processes that are difficult to abate. Additionally, digital transformation
efforts, such as emissions monitoring dashboards, are augmenting operational efficiency and sustainability.

Notwithstanding these accomplishments, considerable obstacles persist. Elevated capital expenditures, the maturity
of technology, and regulatory deficiencies present challenges to the expansion of these initiatives. For instance, the
implementation of green hydrogen and CCUS technologies necessitates considerable financial investment and
robust regulatory frameworks, which remain inadequately developed in India. Furthermore, synchronizing
decarbonization endeavors with economic and social aspirations is essential to facilitate a just and equitable
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transition. Corporations must confront these challenges through innovation, collaborative public-private
partnerships, and advocacy for policy reform.

CONCLUSION

The oil and gas sector in India is currently at a crucial juncture, confronted with the challenge of fulfilling its essential
function in ensuring national energy security and fostering economic advancement while simultaneously striving to
decarbonize and meet the objective of achieving net-zero emissions by 2070. The challenges highlighted in the
introductory section—ranging from substantial capital requirements, technological constraints, regulatory
obstacles, and the intricate balancing of economic progress against environmental priorities—clearly indicate that
this transition is both intricate and multifaceted. Nevertheless, the dedication of prominent entities such as ONGC,
BPCL, IOCL, and OIL, as evidenced by their decarbonization efforts, emphasizes the sector's capacity to catalyze
transformative change.

The extensive examination of decarbonization methodologies accentuates the necessity of tackling Scope 1, 2, and
3 emissions. While operational emissions (Scope 1 and 2) are being addressed through the incorporation of
renewable energy sources and enhancements in efficiency, the more formidable Scope 3 emissions demand
comprehensive alterations throughout the entire value chain. Initiatives in renewable energy, such as ONGC’s
hybrid solar and wind projects and IOCL’s solar-powered retail establishments, exemplify how firms are broadening
their energy portfolios to mitigate reliance on fossil fuels. These endeavors, albeit significant, represent merely a
fraction of the overarching solution.

The hydrogen economy is emerging as a pivotal frontier, with corporations such as BPCL and IOCL making
substantial investments in the production of green hydrogen and the development of necessary infrastructure. The
potential of hydrogen to facilitate the decarbonization of hard-to-abate sectors, including refining and heavy
transportation, underscores its essential role in the energy transition. Likewise, carbon capture, utilization, and
storage (CCUS) technologies are critical for reducing emissions from industrial processes that pose challenges to
decarbonization. The CCUS initiatives by ONGC and OIL exemplify the practicality of employing these
technologies, although prohibitive costs and infrastructural deficiencies persist as formidable challenges.

Bioenergy and sustainable fuels present an alternative strategy for mitigating emissions while simultaneously
addressing concerns related to energy security. The ethanol blending initiatives by IOCL and the bio-CNG projects
by BPCL exemplify how creative solutions can concurrently diminish carbon emissions and encourage sustainable
resource management. These case studies exemplify the sector's capacity to align with governmental policies, such
as the ethanol blending initiative and the Green Hydrogen Mission, thereby underscoring the significance of
collaboration between public and private sectors.

The obstacles outlined throughout this examination remain considerable. Elevated capital investment demands,
particularly for hydrogen electrolyzers, carbon capture, utilization, and storage (CCUS) infrastructure, and
renewable energy ventures, necessitate the development of innovative financing strategies, including green bonds
and international climate funding. Technological disparities, especially in nascent fields like green hydrogen and
energy storage, call for ongoing research and development as well as international collaborations to bridge existing
gaps. Furthermore, regulatory frameworks must progress to establish clear directives for technologies such as CCUS
and hydrogen blending, ensuring that the policy landscape fosters innovation and scalability. Achieving a balance
between economic advancement and environmental goals remains a fundamental challenge, particularly in nations
like India where energy demand is experiencing rapid growth. The transition toward a low-carbon economy must
be equitable, guaranteeing that workers and communities dependent on traditional fossil fuel sectors receive
adequate support through reskilling programs and alternative employment opportunities. Concurrently, businesses
must sustain their competitive edge in global markets, necessitating a careful integration of decarbonization
strategies with cost-efficiency and operational effectiveness.

Notwithstanding these challenges, the initiatives undertaken by ONGC, BPCL, IOCL, and OIL illustrate the sector's
capacity for innovation and adaptability. These organizations are establishing benchmarks not only for the Indian
market but also for international counterparts by incorporating renewable energy, advancing the hydrogen
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economy, implementing CCUS, and fostering digital transformation. Their endeavors demonstrate how
decarbonization can serve as a catalyst for innovation, competitiveness, and sustainability.
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