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Abstract
Aim: This research aims to find out how Agile and Hybrid project management approaches can assist in the sustainability initiatives of the oil and gas sector by combining flexibility, adaptability and structural discipline for a compliance-heavy environment. 
Methodology: Among 150 records obtained through databases such as Scopus, Web of Science and Google Scholar, 20 case studies were selected, and the authors conducted a systematic literature review of those studies. 
Result: The results show that Agile and Hybrid methods stimulate adaptability and creativity, facilitate relationships between stakeholders, and address the regulations and cultural issues. The use of agile models with an iterative nature is good for tackling dynamic sustainability challenges such as carbon reduction and green energy implementation, and the use of hybrid models provides a structured framework to ensure compliance. Despite these advantages, there are many cultural resistance and high costs of deployment that prevent implementation. The proposed framework is based on empirical case studies and industrial practices, while being able to interweave the flexibility provided by Agile models with the phases of the Hybrid models. 
Conclusion: In this review, practical advice is provided for policymakers, sustainability officers and project members to accelerate progress in the area of sustainability in complex operational environments.
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Introduction
Environmental concerns, changes in the regulatory environment and societal expectations put pressure not only on the government and environmentalist community but also on the oil and gas industry, which has to adopt sustainability initiatives. Although this transition is complex, it offers opportunities for innovation with diversification to green and the implementation of digital technologies. Research indicates that using AI and digital twins to embrace digital technologies can assist the achievement of net-zero emissions and sustainable development goals (SDGs) objectives by improving operational efficiency and resource management (Yadav et al., 2023). Additionally, sustainability-oriented approaches in the petroleum industry aim to lower the environmental impact, conserve their resource use and improve energy efficiency (Bathrinath et al., 2021). In addition, companies are becoming more diversified and expanding to other areas of renewable energy projects, which are necessary to adapt to the dynamics in the energy transition and deal with the effects of climate change. Effective project management approaches, especially Agile and Hybrid, are effectively helping industries take on the dynamic requirements of sustainability-oriented projects having high risk and engaging the oil and gas firms in responding to changing challenges and opportunities in the high-risk sector effectively (Cherepovitsyn et al., 2023; Nordin et al., 2023; Mustapić et al., 2023).
Originally intended for software development, agility in project management has found merit in sustainability initiatives, as it is incredibly flexible, sticks to the point of what matters: assigning stakeholder responsibility. The iterative nature of Agile is very important for fast adaptation to changing conditions, which is critical in sustainability contexts where the project dynamics can be quite unpredictable (Blak et al., 2023; Yardley et al., 2023). For instance, the Agile Co-production and Evaluation framework describes a method for use in improving public health interventions that extends past traditional boundaries (Yardley et al., 2023). Moreover, the integration of digital transformation with Agile practices will help secure better results if the technology is allowed to facilitate sustainable practices (Zhang et al.,2023; Lima et al., 2023). However, this combination provides not only an optimal means of effective stakeholder communication, but more importantly, it converges the project goals to broader sustainability objectives contributing to the overall project success in various environmental conditions (Blak et al., 2023; Lima et al., 2023). According to the research, Agile methodologies, when paired with traditional frameworks like PMBOK®, enable a more elastic approach to presiding over the risks arising out of the nature of construction projects, thereby enhancing the project outcomes (Ahmed & Mohammed, 2019). Moreover, at the organisational level, large-scale Agile methods, like SAFe and Scrum-at-scale, have been proven to replicate success brought about by Agile by enhancing efficiency and collaboration while adhering to compliance requirements (Edison et al., 2021).
In industries like oil and gas, there can be hierarchical structures that prevent Agile adoption and key ingredients that can help towards realising acceptance and effectiveness (Jovanović et al., 2020). Resistance can be significantly reduced through such integration of Agile-friendly cultures in structuring change programs, like encouraging cross-functional teams or leadership buy-in (Rieg et al., 2021). Furthermore, digital tools like AI and predictive analytics are further adopted to improve the project's success by facilitating real-time decision-making and risk assessment in the dynamic environment (Vlasenko et al., 2019). Another point underlining the need for the existence of a collaborative culture to attain sustainable outcomes is the interplay of knowledge sharing and adaptability (Marjerison et al., 2022). Despite this trend, very little research exists to explain the practical application of Agile and Hybrid into sustainability efforts in oil and gas. Overall, existing literature is primarily restricted to isolated case applications or conceptual overviews in which there is no comprehensive synthesis of how these methodologies can be efficiently adapted and applied in this domain. 
Sustainability is about the whole of life's environmental, social and economic well-being; a sustainability lens requires including sustainable practices in corporate frameworks. Corporate sustainability is that which embeds these practices into core business operations (as seen in multinational enterprises that practice their strategies according to the Sustainable Development Goals (Pranugrahaning et al., 2023) so that sustainable development can be effectively promoted. Contrary to this, Corporate Social Responsibility (CSR) emphasises voluntary social contributions due to various benefits such as positive corporate image and the extended viability of the organisation (Yao, 2023). It is argued that the interplay between Corporate Social Responsibility and knowledge management strategies is an effective means to boost innovation capabilities, more specifically, in dynamic environments, thus the importance of CSR in assisting the production of economic, environmental, and social results [González-Ramos et al., 2023]. 
The purpose of this study is to bridge these gaps by systematically reviewing Empirical and Theoretical literature in the study of the role of Agile and Hybrid project management methods towards sustainability in the Oil and Gas Industry. This study attempts to answer how these methods help deliver sustainability outcomes, what the main challenges and enablers for implementation are, what roles digital technologies play in facilitating agile transformations, and to what extent these methods are consistent with other global sustainability frameworks such as the SDGS. Also, the study offers a tailored project management framework for the sustainability initiatives in complex, compliance-intensive environments like the oil and gas sector. The manuscript further explains the method, result, discussion, proposed framework, conclusion, and recommendation.
2.0 Methods 
2.1 Literature Search Strategy
The literature review was done systematically by the use of Scopus, Web of Science, and Google Scholar databases. Terms used for the search criteria included: ‘Agile methodologies in oil and gas’, ‘Hybrid project management models’ and ‘sustainability in energy projects’. Based on specified criteria, articles were chosen.
2.2 Selection Criteria
Articles were selected based on the following criteria:
Inclusion criteria focused on studies that:
- Inclusion of Agile, Hybrid, or Waterfall methodologies in oil and gas projects
- Empirical evidence or case-based analysis of sustainability initiatives
- Assessment of project management methodologies in compliance-heavy industries
Exclusion criteria omitted:
· Articles lacking empirical data or theoretical insights relevant to Agile or Hybrid methodologies. 
· Studies focused solely on traditional project management frameworks without consideration of sustainability or innovation. 
From an initial pool of over 150 records, 20 case studies were shortlisted for their detailed insights into diverse operational contexts and methodological applications and 130 articles were rejected after applying exclusion criteria.
Limitations of Methods: The study is largely qualitative. It lacks direct numerical comparisons and focuses on literature-based synthesis, which may affect generalizability.
2.3 Research Questions
The review was guided by the following research questions:
1. How do Agile and Hybrid project management methodologies contribute to sustainability initiatives in the oil and gas sector?
2. What are the benefits of combining Agile’s flexibility with Waterfall’s structure in managing compliance-heavy sustainability projects?
3. How do Agile and Hybrid methodologies align with global sustainability goals, such as the United Nations Sustainable Development Goals (SDGs)?
4. What technologies can enhance the effectiveness of Agile and Hybrid project management methodologies in the oil and gas sector?
3.0 Results and Discussion
3.1 Results
Case studies in table 1 provide analysis of contributions made by Agile and Hybrid models to sustainability in oil and gas. However, these methodologies have shown adaptability, efficiency, as well as alignment with global sustainability goals, but at the cost of difficulty and burden. This section explores how Agile and Hybrid models are being practised now, discusses and evaluates key outcomes and challenges, analyses alignment with the United Nations Sustainable Development Goals (SDGs), and highlights enabling technologies and recurring themes in project management.
3.1.1 Agile and Hybrid Approaches in Project and Technology Management
Strategic project and technology management is one of the key applications of agile methodologies. The Iterative Technology Transfer Framework has transferred skills in Nigeria’s downstream sector and boosted local capacity as well as entrepreneurial development (Abu et al., 2018). The Hybrid Model of Waterfall and Agile approach used in Engineering Procurement and Construction (EPC) projects in the Middle East (Al-Hajji and Khan, 2016) has contributed to delay reduction and cost control. In addition, Agile-enhanced Smart Project Management Systems (SPMS) have been beneficial for enhancing foresight and its capability of proactive management of large-scale projects (Mohammed et al., 2022). Structured decision-making models like AHP and fuzzy entropy-TOPSIS are provided to optimise upstream petroleum investments in a way that will achieve sustainability objectives concerning economic viability (Cui et al., 2024).
3.1.2 Business Model Innovation and Sustainable Development
The business models inspired by taking Agile seriously have shown great efficacy in promoting innovation and sustainability. Research in Norway's Oil and Gas supply sector (Åkvik & Nesse, 2023; Bye , 2023) indicates that business model innovation enabled through Agile creates competitive advantage as well as meets sustainability objectives, though there are challenges in balancing the notion of Corporate Social Responsibility with profitability. Additionally, an Agile Policy Adaptation Framework applied in Nigeria (Oruwari, et al., 2024) helped in the transition to renewable energy, but regulatory uncertainties remain.
3.1.3 Hybrid and Agile Frameworks in Energy Transition and Renewable Integration
Energy transition strategies through renewable energy usage remain a core part of the sustainability agenda in the oil and gas sector. The Framework of Optimization of Hybrid Renewable Energy, applied in Latin America (Ruvalcaba Velarde, 2021), manages to reduce emissions without losing operational efficiency. The case of Agile Eco-Sustainability Project Framework in Mexico (Zamora Santacruz & Ruiz González, 2022) shows that Agile methodologies can successfully support environmentally sustainable projects, as it has enabled continuing improvement of environmentally friendly practices.  In addition, sustainable measures in the petroleum industry focus on carbon emission reduction, efficient use of energy, and the implementation of green technologies (Ruvalcaba Velarde, 2021). With the need to accelerate to cleaner energy solutions, these approaches are in line with the necessity of adopting structured and iterative project management methodologies.
3.1.4 Improving Supply Chain and Operational Efficiency
Effective supply chains have significantly harnessed the responsiveness and decreased disruptions with the implementation of Agile frameworks. Agile Supply Chain Management Framework has further improved the coordination across the different supply chain tiers in Iran and improved the infrastructure resilience as well as responsible production (Nemati et al.,2024). Similar to this, the Agile Transformation Framework also facilitated sustainability and operability in Indonesian midstream operations, notwithstanding cultural resistance to Agile adoption (Daramola et al., 2024).
3.15 Challenges and Barriers to Agile and Hybrid Implementation
Though Agile and Hybrid models have many benefits, implementation within the oil and gas industry does come with tests. Some common obstacles are regulatory barriers, high costs and resistance to the iterative method in traditional workflow. Studies in Latin America (Borges et al., 2024) and Nigeria (Oruwari et al., 2024) show how using Agile methodologies is challenging due to the contrast with strict regulations. Secondly, proficiency in leadership and adaptable strategies is also required to reach the right balance between flexibility and structured discipline, as is being demonstrated in Hybrid approaches in Middle Eastern upstream operations (Farahat & Defina, 2022). Another pressing challenge is to address environmental concerns, which are addressed with the fuzzy ANP-based approach as a structured methodology of reducing carbon footprint within the petroleum industry (Bathrinath, 2021). These studies provide the key findings on the importance of sector-specific Agile training (Zamora Santacruz & Ruiz González, 2022) the need for sector-specific policy flexibility (Oruwari et al., 2024), digital tools for successful project management and collaboration (Mohammed et al., 2022; Dehshiri et al., 2024). 
3.1.6 Alignment with SDGs
SDGs prove that the alignment of Agile and Hybrid methodologies is relevant for sustainability initiatives. The iterative improvement minimises waste and optimises resource use, thus contributing to SDG 12 (responsible consumption and production) of Agile is the iterative improvement approach. Structured flexibility in the form of hybrid models has been pivotal in supporting SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate Action) through the scaling of renewable energy and decarbonization. The Agile-Inspired Business Model Innovation in Norway strengthened creativity and innovation by the suppliers, in line with SDG 9 (Industry, Innovation, and Infrastructure) (Åkvik & Nesse, 2023). In Iran, there were also similar improvements in infrastructure resilience and operational efficiency, as well as achievement of SDG 12 (Nemati at al., 2024), thanks to Agile supply chain management frameworks. Moreover, frameworks such as the Agile Communication and Collaboration Framework in Nigeria empowered SDG 16 (Peace, Justice, and Strong Institutions) with stakeholders' alignment (Dehshiri et al., 2024).
3.2 Discussion
3.2.1 How Agile helps in promoting a flexible and creative environment.
Agile methodologies are built to function in uncertain and dynamic environments and are ideally suited to sustainability initiatives, such that flexibility is key. The case studies analysed illustrate the consistency with which Agile can respond to changing regulatory, environmental and stakeholder needs. For example, the Iterative Technology Transfer Framework, inspired by Agile, made Nigeria’s downstream oil and gas sector better prepared to adapt to changes by enabling ongoing knowledge transfer (Abu Z et al., 2018). Through this iterative approach, local enterprises could continuously refine processes and skills based on the evolving needs and challenges while the business continues. Agile-Inspired Business Model Innovation inspired suppliers in Norway to become more creative and flexible, making it easier for them to meet sustainability goals despite uncertainty in the market and policy conditions (Åkvik & Nesse, 2023). Comparative studies also confirm that Agile is a very adaptable practice, by which Agile practices outdo traditional modes in environments that demand continuous improvement (e.g., frequent changes), particularly when dealing with innovative goals, such as renewable energy deployment (Serrador & Pinto, 2015). Results from eco-sustainable oil projects in Mexico, where Agile methodologies have been used to address environmental issues (Zamora Santacruz & Ruiz González, 2022), confirm such outcomes.
In the environmental sustainability project, where this area is relatively dynamic, the process method provided by Agile methodology is more favorably set with the traditional Waterfall methodology. Unlike the linear and rigid structure of Waterfall, Agile's iterative cycles allow mid-project adjustments concerning the environmental regulations or stakeholders' requests to minimise the delays and cost overruns (Rahman, 2024; Murthy, 2024). Research has shown that Agile outperforms traditional methods in terms of the delivery speed of projects and customer satisfaction (Table II) as the focus of continuous engagement with stakeholders and adaptiveness (Rahman, 2024; Khan & Mahadik, 2022). Thus, while Agile excels in fast change contexts, it may not be optimal for long-term sustainability or efficiency, which suggests the need to develop an extended Agile to incorporate more architectural concerns (Soongpol et al., 2024). This hybrid approach intends to combine the strengths of these two methodologies to provide more flexibility while keeping the features required on complex projects (Rahman, 2024). Agile compares very well because it can work with changing environments, especially learning environments (projects with uncertainty).
3.2.2 Balancing Flexibility (Agile) with Structure (Hybrid/Waterfall)



Hybrid models are the bridge between Agile, which offers iterative flexibility, and Waterfall, which brings with it structural rigour, to form a hybrid with strong balance characteristics and is suitable for application in complex sustainability projects. It has been demonstrated that the benefits of this approach on large-scale EPC projects, where Hybrid models reduce delays and lead to better cost control (Al-Hajji & Khan, 2016). The Hybrid model addressed project complexities by combining Waterfall’s phase-driven structure for compliance-heavy milestones and Agile’s iterative adjustments for unexpected issues. Similarly, an Adaptive Hybrid Framework validated for Middle Eastern upstream operations demonstrated its capacity to integrate risk management with innovation (Farahat & Defina, 2022). These findings are corroborated by studies that note that Hybrid approaches are especially suitable for industries with high regulatory and operational constraints, such as in the oil and gas sector (Hobbs & Petit, 2017). They ensure that critical deliverables meet the strict schedules but still allow for the flexibility to feature innovative practices. But as innovation is fostered, agile approaches may lack the requisite structural rigour, particularly on issues of risk management, necessary for compliance in industries such as oil & gas (Luo et al., 2024). On the contrary, hybrid models flip between predictability and adaptability, becoming a better fit for complex projects characterised by overlapping sustainability and compliance objectives (Leong et al., 2023; Bianchi et al., 2021). For example, the Enhanced Agile V-Model enables the utilisation of Agile methodologies alongside the purpose-based development paradigm to satisfy stringent regulatory requirements in medical device development, exhibiting the capability of hybrid frameworks to support regulated development while supporting evolutionary requirements (Khan et al., 2024). Moreover, hybrid project management practices can be customised for different environmental contexts, and determine proper strategies for different project needs (Bianchi et al., 2021). It is important for the oil and gas sector due to the importance of project forecasting and risk assessment for success in general (Natarajan, 2022).




Table I: Case Studies: Leveraging Agile and Hybrid Models for Sustainability in Oil and Gas
	Author
	Study Objective
	Methodology
	Agile/Hybrid Model Discussed
	Geographic/Industry Context
	Outcomes Achieved
	Challenges Identified
	Tools/Technologies Used
	Alignment with SDGs/Sustainability Goals
	Lessons Learned

	Abu  et al., 2018
	Technology transfer and entrepreneurial development in the Nigerian oil and gas value chain.
	Case study analysis.
	Iterative Technology Transfer Framework (Inspired by Agile).
	Nigeria; Downstream sector.
	Improved local capacity and entrepreneurial outcomes.
	Lack of structured frameworks for iterative project delivery.
	None explicitly discussed.
	Enhanced local knowledge sharing aligns with SDGs 8 (Decent Work) and 9 (Industry, Innovation).
	Iterative models must be tailored to local capacities and regulations.

	Al-Hajji & Khan, 2016
	Strategic project management for EPC major projects.
	Framework development based on EPC projects.
	Hybrid (Waterfall with Agile for EPC Projects).
	Middle East; Large-scale EPC projects.
	Reduced delays, improved cost control in EPC project delivery.
	Resistance to iterative methods in traditional EPC workflows.
	Project tracking systems and resource planning tools.
	Improved efficiency supports SDG 12 (Responsible Consumption).
	Hybrid models must balance flexibility with structural discipline.

	Mohammed et al., 2022
	Proactive management via Smart Project Management Systems (SPMS).
	Framework design using predictive analytics.
	Agile-Enhanced SPMS Framework.
	Middle East; Large-scale oil and gas projects.
	Improved foresight in project planning and execution.
	High costs of SPMS adoption in Agile workflows.
	Smart tools integrating predictive analytics and Agile tracking.
	Aligns with SDG 9 (Industry) and 12 (Responsible Consumption).
	Early problem identification ensures project sustainability.

	Åkvik & Nesse, 2023
	Business model innovation for sustainable development in oil and gas suppliers.
	Business model analysis.
	Agile-Inspired Business Model Innovation.
	Norway; Oil and gas suppliers.
	Enhanced supplier innovation aligned with SDGs.
	High costs of Agile adoption for green innovation.
	Digital platforms for business model simulation.
	Contributions to SDGs 9 (Innovation) and 13 (Climate Action).
	Agile methods foster creativity in business model development.

	Bye, 2023
	Sustainable business model innovation in Norwegian oil and gas companies.
	Single case study.
	Iterative Agile Framework for Business Innovation.
	Norway; Innovation-driven projects.
	Improved competitive advantage through sustainable practices.
	Balancing CSR with profitability in Agile frameworks.
	Business intelligence tools for data-driven decision-making.
	Strong alignment with SDGs 8 (Work) and 12 (Sustainable Production).
	CSR can drive innovation when integrated with Agile principles.

	Oruwari et al., 2024
	Energy transition impacts on Nigerian oil and gas sustainability.
	Policy and transition analysis.
	Agile Policy Adaptation Framework.
	Nigeria; Transition projects.
	Facilitated adoption of renewable energy initiatives.
	Uncertainty in regulatory timelines disrupts Agile planning.
	Energy simulation tools for adaptive planning.
	Contributes to SDG 7 (Affordable Energy) and 13 (Climate Action).
	Policies must be flexible to support Agile implementation.

	Ruvalcaba Velarde, 2021
	Optimization analysis for hybrid renewable energy systems.
	Multi-objective optimization modeling.
	Hybrid Renewable Energy Optimization Framework.
	Latin America; Renewable energy projects.
	Reduced emissions, maintained operational efficiency.
	High deployment costs of hybrid solutions.
	Renewable energy simulation software.
	Strong contributions to SDG 7 (Energy Access).
	Hybrid systems need cost-effective scaling strategies.

	Zamora Santacruz & Ruiz González, 2022
	Agile methodology for sustainable oil projects.
	Agile application and validation in oil projects.
	Agile Eco-Sustainability Project Framework.
	Mexico; Eco-sustainability projects.
	Enhanced adaptability, continuous improvement in eco-friendly operations.
	Cultural resistance to Agile adoption in traditional firms.
	Agile project tracking and reporting tools.
	Aligns with SDG 12 (Responsible Consumption).
	Sector-specific training helps drive Agile success.

	
	
	
	
	
	
	
	
	
	

	Nemati et al., 2024
	Agility in sustainable supply chain management for oil and gas.
	Mixed-methods approach.
	Agile Supply Chain Management Framework.
	Iran; Oil and gas supply chain.
	Increased supply chain responsiveness, reduced disruptions.
	Coordination challenges across diverse supply chain tiers.
	Digital supply chain monitoring systems.
	Enhances SDG 9 (Infrastructure) and 12 (Sustainable Production).
	Collaborative frameworks strengthen tiered supply chains.

	Daramola et al., 2024
	Agile Transformation Framework in oil and gas operations.
	Framework development using qualitative data.
	Agile Transformation Framework.
	Indonesia; Midstream operations.
	Enhanced adaptability, operational sustainability.
	Resistance to Agile adoption in traditional workflows.
	Digital collaboration tools and training systems.
	Supports SDG 12 (Sustainability in Production).
	Organizational culture is key to Agile success.

	Borges et al., 2024
	Challenges of integrating UN SDG practices in Latin America.
	Survey-based study.
	Agile SDG Implementation Framework.
	Latin America; Oil and gas companies.
	Identified cultural and regulatory barriers to SDG integration.
	Difficulty applying iterative methods in rigid regulatory environments.
	None explicitly discussed.
	Aligns operations with multiple SDGs, including SDG 7 (Energy Access) and 11 (Sustainable Cities).
	Agile planning must adapt to regional regulatory complexities.

	Farahat & Defina, 2022
	Adaptive framework combining Agile and Waterfall in energy projects.
	Case analysis and framework validation.
	Adaptive Hybrid Framework (Agile + Waterfall).
	Middle East; Upstream operations.
	Balanced flexibility and structure, reduced project risks.
	Complexity of managing Hybrid approaches effectively.
	Predictive analytics tools.
	Strong contributions to SDG 13 (Climate Action).
	Hybrid approaches require skilled leadership for success.

	Dehshiri et al., 2024
	Communication efficiency in Agile and digital-enabled energy projects.
	Conceptual framework.
	Agile Communication and Collaboration Framework.
	Nigeria; Energy sector.
	Improved stakeholder alignment, reduced project delays.
	Low adoption rates of Agile collaboration tools.
	Agile-enabled digital communication platforms.
	Addresses SDG 9 (Innovation) and 16 (Institutional Capacity).
	Effective communication is essential for Agile project success.

	Olakada et al., 2024
	Technology licensing and performance in Nigerian oil and gas.
	Licensing mechanism evaluation.
	Iterative Licensing Improvement (Inspired by Agile).
	Nigeria; Upstream projects.
	Enhanced technological capacity in local firms.
	Weak enforcement of agreements limits iterative benefits.
	Contract management software.
	Supports SDG 8 (Decent Work) and 9 (Industry).
	Agile principles improve licensing and technology transfer.




3.2.3 Overcoming Organisational Resistance and Cultural Challenges
3.2.3 Overcoming Organisational Resistance and Cultural Challenges
One of the biggest barriers to Agile and Hybrid adoption in the oil and gas industry is still cultural resistance. It has also highlighted the importance of developing an Agile culture in Indonesia’s midstream operations, where entrenched hierarchical practices made iterative workflows incredibly difficult to adopt (Darusulistyo et al., 2024). Resistance to change was also identified as a challenge in eco-sustainability projects in Mexico, where traditional project management norms contradicted Agile’s collaborative value (Zamora Santacruz & Ruiz González, 2022). Studies in comparison show the importance of leadership in overcoming cultural resistance (Denning, 2016). A review of Agile adoption across industries indicated that Agile had been more successful in embedded industries where leadership support and comprehensive training were strong. This is also consistent with the fact that studies point out the need to tweak Agile practices to the Latin American culture and legislative context, to make them regionally adapted  (Borges et al., 2024).
Agile project management integration in the oil and gas industry is a huge cultural change from its usual traditional hierarchical practice of being strict with procedural adherence. An Agile project management approach toward flexibility and iterative decision-making may upset the norms of the industry, and therefore, a strong plan is needed for the cultural transformation to be effective. Recently, research has shown that hybrid models, a marriage of traditional workflow and Agile principles, may make it easier to adopt than full Agile methodologies (Žužek et al., 2020; Bye, 2023). For example, the use of Agile practices has been proven to boost flexibility, accountability and collaboration (Table II) and improve project outcomes by reducing time and costs (Žužek et al., 2020). Additionally, the human dimension of agility, such as employee dedication and cross-functional capability, is essential for market success in artificial production system implementation, so we must consider a systematic approach to change management (Meier & Kock, 2023; Dotsenko et al., 2023). Therefore, the gradual adoption of Agile practices can enable organisations to navigate the complexities of cultural transformations, keeping them operationally efficient.
3.2.4Tools and Technologies Enabling Project Success
It is digital tools that are instrumental in speeding up learning the art of Agile and Hybrid. Finally, predictive analytics are being used to enhance foresight in large-scale oil and gas projects, and the Agile Enhanced Smart Project Management System (Agile Smart, for short) is an example (Mohammed et al., 2022). Early risks could be identified and better decisions made with these tools, making the project sustainable. Digital platforms such as Jira and Trello have helped bring them communication and task management of Agile frameworks (Zamora Santacruz & Ruiz González, 2022). This work demonstrated that advanced modelling tools can support decarbonization efforts by applying renewable energy simulation software that optimises hybrid energy systems. The study confirms the need to integrate technology through comparative research that reveals higher sustainability project success in organisations making use of digital tools (Marnewick et al., 2017).
Manual tracking and reporting on traditional project management models can impede timely decision-making and responsiveness as these projects become more complex. In contrast, while Agile and Hybrid frameworks can enable real-time collaboration and data-driven planning for adapting to changing sustainability challenges (Golubeva, 2022; Bernards et al., 2020) digital tools facilitate this. While it can unfortunately preserve the status quo of power, integrating technology has allowed for more participatory approaches to governance complexities while making for more efficient project management (Bernards et al., 2020). Empirical comparison with methodologies reveals that Agile approaches significantly reduce project failure risk compared with traditional methods (Table II) by making management strategies correspond to project requirements (Ahimbisibwe et al., 2017).
Table II: Comparison of Agile, Hybrid, and Traditional Project Management Models for Sustainability in Oil and Gas
	Aspect
	Agile-Only
	Hybrid Models
	Traditional Models

	Flexibility
	Highly flexible; adapts well to change.
	Moderately flexible; balances adaptability and structure.
	Inflexible; changes are costly and time-consuming.

	Innovation
	Fosters creativity through iterative improvements.
	Supports innovation within structured workflows.
	Limited scope for innovation due to predefined processes.

	Cultural Compatibility
	Requires significant cultural shifts in traditional industries.
	Gradual transition is easier for resistant organizations.
	Well-suited to hierarchical, compliance-driven cultures.

	Technology Integration
	Relies heavily on digital tools for success.
	Combines traditional and digital tools effectively.
	Minimal reliance on advanced tools; slower processes.

	Alignment with SDGs
	Strong alignment, particularly with SDGs 12 and 13.
	Balanced alignment across compliance and innovation goals.
	Limited focus on sustainability; prioritizes compliance.



3.3 Proposed Framework: A Tailored Project Management Model for Sustainability Initiatives
The proposed framework is formulated on the empirical case studies and the industry best practices in seamless integration of the flexibility of Agile methodology with the structured phases of the Hybrid Model. The Tailored Project Management Framework efficiently merges Agile and Hybrid ways of working to handle the particular problems of sustainability initiatives in the oil and gas industry. Agile’s iterative and cycle-based approach can help to segment projects into manageable stages and give us continuous feedback that is vital for projects in dynamic environments like oil and gas operations (Leong et al., 2023; Bianchi et al., 2021). Not only does the adaptability of this enhance workflow efficiency, as implied by Indonesia's successful midstream case, but it also meets with broader sustainability objectives set forth by the United Nations' own Sustainable Development Goals (SDGs) (Menéndez-Sánchez et al., 2023). Additionally, having a hybrid nature allows structured Waterfall elements to be integrated into the framework without losing rigour or as the project needs to evolve (Timinger et al., 2022). Together, this combination promotes innovation and collaboration to address the challenges of moving to cleaner energy technologies (Menéndez-Sánchez et al., 2023; Andriyani et al., 2024).
Renewable energy projects, especially in the Middle East, have been greatly augmented by the integration of structured milestones from the Waterfall model with hybrid approaches in project management. This combination not only offers a clear roadmap for safety and compliance for simplicity in managing delays and costs, but it also brings about flexibility that is necessary in managing delays and costs effectively (Rabet et al., 2024; Rosengart et al., 2023). Recent studies indicated that using digital tools in compliance checking to help people comply with the regulations helped streamline project workflows and lower the level of uncertainty (Beach et al., 2024). Also, simulation software has proven to be indispensable in optimising designs of renewable energy, as has been demonstrated in Latin America with the successful implementation of renewable technologies, with improved efficiency and sustainability outcomes (Dehshiri et al., 2024; de la Hoz et al., 2023). Together, these structured methodologies, the use of advanced technology, and an eye towards the sustainability of project management yield better project management in the renewable energy sector.
Combining Agile and Waterfall methodologies within project management frameworks gives them tremendous benefits, especially in sustainability initiatives. Its inherent flexibility enables projects like renewable energy systems to adjust to emerging requirements and stakeholders' feedback, thus creating better responsiveness and collaboration (Žužek et al., 2020; Ng et al., 2023). However, the structured phases of Waterfall ensure that critical regulatory approvals are systematically addressed, and project continuity with objectives (Žužek et al., 2020). For example, supply chain management demonstrates a further streamlining of applications of digital tools, such as reducing delays and improving overall efficiency (Mamatlepa & Mazenda, 2024). Furthermore, by Extension, Agile framework energy efficiency in software development implementation, are is the capability for the practice of sustainability throughout various industries (Soongpol et al., 2024). The framework can be applied in a wide range of sustainability efforts, as stakeholder regular engagement engenders trust and alignment that is needed for complex projects to succeed (Badakhshan et al., 2023).
4.0 Conclusion and Recommendation
Conclusion
This study shows that Agile and Hybrid methodologies are helpful measures to the advancement of sustainability projects in the oil and gas sector. Results suggest that Agile methods have positive impacts on the firm’s adaptability, spark innovation, and lead to good stakeholder collaboration, especially concerning addressing dynamic sustainability challenges like carbon reduction or integration of renewable energy. On the contrary, Hybrid combines Agile’s iterative improvements with the structural discipline that is necessary for regulatory compliance.
The wealth of new and existing empirical and theoretical insights of project management, particularly in the field of sustainability-driven projects in compliance-heavy environments, is synthesised,, and a customised project management framework is developed to meet the needs of the sustainability-driven projects with compliance-heavy environments. Agile practices should, therefore, be adopted to address challenges derived from, e.g., cultural resistance and large implementation costs, the study suggests. Additionally, integration of the Agile and Hybrid methodologies with the United Nations Sustainable Development Goals (SDGs) provides an organised route through which organisations endeavouring to balance operational efficiency with long-term environmental and economic sustainability pursue.
However, despite all of this progress, there are still challenges present that limit the ability to transition into a true Agile environment, namely resistance to Agile adoption and the complexity of integrating iterative workflows into traditional business practices. This study shows how leadership support, industry-specific training and strategic change management are important in the adoption of these methodologies. The proposed framework entails a structured yet flexible means of tackling project management to bridge the gap between adaptation and compliance to encourage sustainability outcomes.
4.2 Limitations of Study
The review is certainly rife with noticeable limitations. The biggest drawback is the fact that it strongly depends on case studies and qualitative observations to determine whether or not these methods worked. While these may offer some useful insights, the absence of supporting numerical data or solid proof of improvement of project outcomes, the efficiency or alignment of the project with sustainability goals negates the conclusions. Without this type of measurable proof, it’s hard to tell if the results of the study would transfer to other situations or industries.
This was another limitation, as the manuscript does not fully address some practical challenges: How can these methods be scaled for smaller companies or adapted for areas with strict regulations? While it talks of cultural resistance and intricate rules as insufficiencies, it doesn’t specify how those issues are to be tackled. However, the financial cost of implementation of these models is not deeply dived into, which is a major oversight for businesses with low budgets. Finally, in the spirit of combining Agile and Waterfall, there’s almost no discussion about whether the result is sustainable over time: Can both flexibility and consistency be achieved at the same time? This implies the need for a more practical and deeper investigation of the applicability of these frameworks in real-world settings.
4.3 Recommendations for Future Research
[bookmark: _Hlk187923019]The recommendations seek to deepen understanding and improve the application of Agile and Hybrid project management methodologies in the oil and gas sector to accelerate sustainability projects. These methodologies could be further studied for their scalability to multiple organisations across a variety of operational contexts, predominantly in places such as those that are highly regulated or subject to diverse stakeholder dynamics. It should also be investigated how combining Agile and Waterfall approaches affects sustainability metrics over the long term: energy efficiency, carbon emissions, and compliance with the United Nations’ Sustainable Development Goals (SDGs). Other comparisons across industries would also help elucidate, with more distinction, best practices and adaptations that could be transferred to the oil and gas industry more robustly to help integrate these methodologies.
Additionally, research on the role of emerging technologies, including artificial intelligence, digital twins, and blockchain, in boosting the effectiveness of Agile and Hybrid models is critical. There are many ways that the industry can investigate how these technologies can be utilised to overcome these barriers to implementation, such as cultural resistance and high implementation costs. Furthermore, interdisciplinary research coupling project management, environmental science, and stakeholder engagement strategies may produce unique frameworks suited to the challenges of sustainability-related projects. The results of these studies could provide actionable information for shaping policy and industry practice to accelerate the transition to more sustainable operations in the oil and gas industry.
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