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Abstract- Complex multi-phase energy 

infrastructure projects involve numerous 

stakeholders with diverse and evolving requirements 

that must be carefully managed to ensure project 

success. This paper presents a comprehensive 

framework for systematically mapping stakeholder 

requirements across multiple project phases, 

addressing a critical gap in existing methodologies 

that often treat requirements as static or isolated. The 

framework emphasizes dynamic stakeholder 

identification, structured requirement 

categorization, multi-criteria prioritization, and 

continuous integration to maintain alignment amid 

changing project conditions. It incorporates iterative 

validation and feedback mechanisms to ensure 

accuracy and foster stakeholder trust throughout the 

project lifecycle. Additionally, the framework 

advocates for the use of digital tools and analytical 

techniques to enhance transparency and decision-

making efficiency. By providing a structured yet 

adaptable approach, this framework supports better 

coordination, risk mitigation, and resource 

allocation in complex energy projects. The 

contributions offer both theoretical insights and 

practical guidance, facilitating improved stakeholder 

engagement and project resilience in increasingly 

complex energy infrastructure environments. 
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I. INTRODUCTION 

 

1.1 Background 

Multi-phase energy infrastructure projects are large-

scale endeavors characterized by multiple sequential 

or overlapping stages, often spanning several years or 

even decades. These projects include the construction 

and operation of power plants, grids, pipelines, and 

renewable energy installations [1]. Their multi-phase 

nature arises from the need to plan, design, build, 

commission, operate, and eventually decommission 

various components systematically [2]. This 

complexity is further amplified by the technical, 

environmental, financial, and regulatory challenges 

inherent in the energy sector. Due to the scale and 

duration, these projects require careful coordination 

among diverse actors, each with specific expectations 

and needs that evolve over time [3]. 

Complexity also stems from the interdependencies 

among phases, where decisions made early in the 

project can significantly impact outcomes in later 

stages [4]. This interconnectedness mandates a holistic 

approach to management, emphasizing the 

anticipation of future requirements while adapting to 

changing conditions. Moreover, the evolving 

regulatory landscape and advances in technology add 

dynamic layers to project complexity, necessitating 

flexible and adaptive frameworks for effective 

governance [5, 6]. 

Understanding the complexity in multi-phase projects 

is crucial because poor coordination or overlooked 

requirements can lead to cost overruns, delays, or 

operational inefficiencies. As energy infrastructure is 

critical to economic and social development, failure to 

manage these complexities properly can have far-
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reaching consequences. Therefore, frameworks 

designed to handle the multifaceted challenges of such 

projects must emphasize systematic stakeholder 

engagement and requirement mapping [7]. 

1.2 Importance of Stakeholder Requirement Mapping 

Stakeholders in energy infrastructure projects 

encompass a broad spectrum of individuals and 

groups, including project owners, contractors, 

regulators, local communities, investors, and 

environmental organizations [8]. Each of these 

stakeholders holds unique interests and expectations, 

which, if not adequately identified and managed, can 

result in conflicts, resistance, or project failure. 

Mapping stakeholder requirements is the systematic 

process of capturing, organizing, and prioritizing these 

needs throughout the project lifecycle [9, 10]. 

This process is vital because it facilitates 

communication and alignment among all parties 

involved, ensuring that their concerns are 

acknowledged and addressed proactively. By 

understanding stakeholder requirements, project 

managers can make informed decisions that balance 

technical feasibility, economic viability, social 

acceptance, and environmental sustainability. This is 

particularly important in multi-phase projects, where 

requirements may shift between phases due to changes 

in stakeholder priorities or external conditions [11]. 

Moreover, effective requirement mapping helps in risk 

management by identifying potential areas of 

disagreement or misunderstanding early in the 

process. This allows for the development of mitigation 

strategies that reduce delays and cost escalations. 

Ultimately, the systematic capture of stakeholder 

needs supports better project outcomes, improves 

transparency, and fosters trust among stakeholders, 

which is critical in complex energy infrastructure 

projects [12, 13]. 

1.3 Objectives of the Framework 

This paper aims to propose a robust framework 

designed to map stakeholder requirements in complex 

multi-phase energy infrastructure projects 

systematically. The primary objective is to create a 

structured methodology that identifies, categorizes, 

and prioritizes stakeholder needs across different 

project phases. By doing so, the framework seeks to 

enhance coordination and continuity, ensuring that 

evolving requirements are captured and integrated 

efficiently. 

Another key objective is to address the challenges 

unique to multi-phase projects, such as the shifting 

nature of stakeholder influence and the evolving 

regulatory and technical environments. The 

framework aims to provide a dynamic approach that 

supports adaptive management, allowing project 

teams to respond to new information and changing 

conditions without losing sight of earlier commitments 

and goals. 

Finally, the framework is intended to facilitate 

communication and collaboration among diverse 

stakeholder groups by providing clear processes and 

tools for requirement mapping. It strives to create a 

transparent platform where stakeholder concerns are 

systematically considered, enabling informed 

decision-making and minimizing conflicts. Through 

these objectives, the framework contributes to 

improving the success rates of energy infrastructure 

projects by fostering alignment between project 

delivery and stakeholder expectations. 

II. LITERATURE REVIEW 

2.1 Stakeholder Theory in Infrastructure Projects 

Stakeholder theory, originally formulated in 

management and organizational studies, has become 

foundational in understanding infrastructure projects, 

where numerous actors with diverse interests are 

involved. In this context, stakeholders are defined as 

any individuals, groups, or organizations that can 

affect or are affected by the project’s outcomes [14]. 

This broad definition captures a variety of parties, 

ranging from project sponsors and contractors to 

regulatory bodies, local communities, and 

environmental groups. Recognizing the multiplicity 

and diversity of stakeholders is crucial for managing 

complex projects effectively [15, 16]. 

In infrastructure projects, stakeholders often have 

conflicting goals, varying degrees of power, and 

different timelines for interest realization. For 
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example, investors may prioritize financial returns, 

while local communities focus on environmental and 

social impacts [17]. The theory highlights the need to 

understand these differences to foster cooperation and 

minimize conflict. Effective stakeholder management, 

grounded in this theory, involves identifying all 

relevant parties, analyzing their interests and 

influence, and engaging them appropriately 

throughout the project lifecycle [18, 19]. 

Moreover, infrastructure projects differ from other 

sectors because they typically have long durations and 

high public visibility, which increase the complexity 

of stakeholder interactions. The theory underscores 

that early and continuous engagement, transparent 

communication, and responsiveness to stakeholder 

concerns are essential for project success. This 

foundation informs the development of frameworks 

aimed at systematically mapping and managing 

stakeholder requirements [20, 21]. 

2.2 Existing Approaches to Requirement Mapping 

Several methods and tools have been developed to 

capture and organize stakeholder requirements in 

infrastructure and engineering projects. Traditional 

approaches include stakeholder analysis matrices, 

influence-interest grids, and requirement elicitation 

techniques such as interviews, surveys, and workshops 

[22, 23]. These methods help identify stakeholders’ 

expectations and rank them according to their 

importance or urgency. Additionally, requirements are 

often documented using tools like the Requirements 

Traceability Matrix, which links stakeholder needs to 

specific project deliverables [24, 25]. 

More advanced approaches incorporate digital tools 

and software platforms that facilitate collaborative 

requirement management. These systems enable real-

time updates, version control, and integration with 

project management processes. Techniques such as 

stakeholder journey mapping and value stream 

mapping are increasingly applied to visualize 

stakeholder interactions and flows of requirements 

over time. In recent years, participatory modeling and 

multi-criteria decision analysis have also been used to 

balance conflicting requirements and prioritize 

solutions [26, 27]. 

Despite these advancements, most approaches tend to 

focus on single-phase or relatively straightforward 

projects, where requirements are stable and 

stakeholder groups well-defined. They often 

emphasize initial requirement gathering without fully 

addressing the dynamic and iterative nature of 

requirements in long-term, multi-phase projects [28, 

29]. 

2.3 Gaps and Challenges in Complex Multi-Phase 

Projects 

While existing approaches provide useful tools for 

requirement mapping, they exhibit significant 

limitations when applied to complex multi-phase 

energy infrastructure projects. One major gap is their 

limited ability to handle the evolving nature of 

stakeholder requirements across multiple project 

phases. Requirements may change due to regulatory 

updates, technological innovations, shifting 

stakeholder priorities, or unforeseen external factors. 

Many current methods lack mechanisms to 

continuously capture and update these evolving needs, 

resulting in outdated or incomplete requirement sets 

[30-32]. 

Another challenge is integrating diverse stakeholder 

inputs consistently over time. Multi-phase projects 

often involve new stakeholders emerging in later 

phases, or shifts in influence among existing 

stakeholders, complicating requirement alignment. 

Existing frameworks frequently fall short in providing 

structured processes to reassess and reconcile these 

changes throughout the project lifecycle [33, 34]. 

Moreover, the sheer scale and complexity of energy 

infrastructure projects pose difficulties in balancing 

conflicting requirements, especially when economic, 

environmental, social, and technical demands 

intersect. Traditional tools do not adequately support 

multi-dimensional prioritization and trade-off analysis 

across phases. Consequently, there is a need for a more 

dynamic, adaptive framework that can manage 

complexity, maintain stakeholder engagement, and 

ensure coherent requirement mapping from inception 

to completion [35, 36]. 
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III. CONCEPTUAL FRAMEWORK 

DEVELOPMENT 

3.1 Identification of Stakeholders 

In multi-phase energy infrastructure projects, 

accurately identifying stakeholders is a foundational 

step toward effective requirement mapping. 

Stakeholders include any individuals, groups, or 

organizations whose interests, influence, or operations 

are affected by the project throughout its lifecycle [37, 

38]. This broad category spans internal parties such as 

project developers, engineers, and financiers, as well 

as external entities including government regulators, 

local communities, environmental groups, suppliers, 

and end-users [39, 40]. 

The criteria for stakeholder inclusion should consider 

both direct and indirect impacts, as well as the capacity 

to influence project decisions or outcomes. This 

includes assessing the stakeholders’ legal, financial, 

social, and environmental stakes. Since project phases 

may extend over many years, the stakeholder 

landscape can evolve, with new participants emerging 

and others diminishing in influence. Thus, the 

framework incorporates periodic stakeholder re-

assessment to capture these changes, ensuring no 

critical voice is overlooked as the project progresses 

[41, 42]. By clearly defining and updating stakeholder 

groups, the framework lays the groundwork for 

comprehensive requirement capture, recognizing the 

diversity and dynamism inherent in complex energy 

projects. 

3.2 Requirement Categorization and Prioritization 

Once stakeholders are identified, their requirements 

must be systematically categorized and prioritized to 

manage complexity effectively. Categorization 

involves grouping requirements by type, such as 

technical specifications, regulatory compliance, 

environmental considerations, social impacts, 

economic goals, and operational constraints. This 

classification helps organize the broad range of 

stakeholder needs and facilitates targeted analysis 

within each domain [43, 44]. 

Prioritization is equally critical, as projects typically 

face resource limitations and conflicting demands. The 

framework employs a multi-criteria approach to assess 

requirement importance based on factors such as 

stakeholder influence, project phase relevance, 

urgency, and potential risk or benefit. For example, 

safety and regulatory requirements often receive 

highest priority, whereas aesthetic concerns might be 

weighted differently depending on project phase [45, 

46]. Additionally, prioritization accounts for the 

temporal aspect—some requirements may be critical 

in early phases, like permitting, while others gain 

prominence later, such as operational efficiency. This 

dynamic approach ensures that resources are allocated 

efficiently and that evolving priorities are recognized 

across the project timeline [47, 48]. 

3.3 Integration Across Project Phases 

To maintain coherence in requirement mapping, the 

framework emphasizes integration mechanisms that 

link stakeholder needs across successive project 

phases. This involves establishing structured 

processes for continuous review and updating of 

requirements, ensuring that changes in one phase 

inform subsequent stages. Integration supports 

traceability, allowing decision-makers to track the 

evolution of requirements and assess how early-stage 

commitments affect later project outcomes [49, 50]. 

Key methods include iterative stakeholder 

engagement sessions, requirement reconciliation 

meetings, and the use of digital platforms that 

centralize requirement data. These tools enable 

transparent communication among project teams and 

stakeholders, minimizing misunderstandings and 

conflicts. Furthermore, the framework encourages 

scenario analysis to anticipate potential shifts in 

stakeholder priorities or external conditions, helping 

teams adapt proactively. Through these integrative 

processes, the framework ensures that multi-phase 

projects remain aligned with stakeholder expectations, 

facilitating smoother transitions between phases and 

enhancing overall project resilience [51, 52]. 
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IV. FRAMEWORK DESCRIPTION AND 

COMPONENTS 

4.1 Mapping Process Workflow 

The mapping process workflow is designed to provide 

a systematic, repeatable approach for capturing and 

managing stakeholder requirements across all phases 

of complex energy infrastructure projects. It begins 

with stakeholder identification and engagement, 

where project teams gather comprehensive input using 

interviews, surveys, and workshops to ensure diverse 

perspectives are included. This initial step is critical, 

as it sets the foundation for a thorough understanding 

of needs and expectations [53, 54]. 

Following stakeholder engagement, the framework 

moves into requirement elicitation and documentation. 

Here, requirements are recorded in a structured format 

that enables traceability and easy retrieval. This 

includes categorizing each requirement according to 

its type, source, and relevance to specific project 

phases. The workflow then involves a prioritization 

step, employing multi-criteria decision analysis to 

weigh competing demands based on stakeholder 

influence, project criticality, and phase timing [55, 

56]. 

The final stage of the workflow focuses on continuous 

updating and integration. Given the long duration and 

evolving nature of multi-phase projects, the 

framework mandates regular review sessions where 

requirement sets are validated, updated, and 

reconciled with project progress and emerging 

information. This iterative approach ensures that 

requirement mapping remains dynamic, coherent, and 

aligned with stakeholder expectations throughout the 

project lifecycle [57, 58]. 

4.2 Tools and Techniques for Mapping 

To support the rigorous execution of the mapping 

workflow, a suite of analytical and organizational 

tools is recommended. Central among these are digital 

requirement management systems, which facilitate 

real-time collaboration and provide version control 

capabilities [59]. These platforms enable multiple 

stakeholders to input, review, and modify 

requirements in a transparent environment, 

significantly reducing the risks of data loss, 

miscommunication, or outdated information [60, 61]. 

Analytical techniques such as multi-criteria decision-

making (MCDM) frameworks are integral for 

prioritizing requirements objectively. These methods 

help balance competing stakeholder interests by 

quantifying factors like impact, urgency, and 

feasibility, making prioritization more defensible and 

transparent. Visualization tools, including influence-

interest matrices and stakeholder journey maps, 

further enhance understanding by illustrating 

stakeholder relationships and requirement flows 

across phases [62, 63]. 

Additionally, scenario planning and sensitivity 

analysis techniques enable project teams to anticipate 

changes in stakeholder needs or external conditions, 

fostering adaptability [64]. Organizational techniques 

like structured workshops and iterative feedback loops 

also play a critical role in aligning stakeholder 

understanding and commitment, ensuring that 

mapping outcomes are actionable and well-integrated 

into project management processes [65, 66]. 

4.3 Validation and Feedback Mechanisms 

Validation and feedback mechanisms are essential to 

ensure that mapped stakeholder requirements are both 

accurate and comprehensive. The framework 

incorporates a multi-layered validation approach, 

beginning with internal reviews by project teams to 

check for consistency, completeness, and alignment 

with project goals. This is followed by structured 

stakeholder validation sessions, where mapped 

requirements are presented for confirmation, 

refinement, or dispute resolution [67, 68]. 

Feedback is actively solicited through periodic 

consultations, enabling stakeholders to update their 

inputs as project conditions evolve. This continuous 

dialogue helps identify discrepancies, address 

emerging concerns, and incorporate new information, 

thereby maintaining the relevance and reliability of the 

requirement set. Formal documentation of validation 

outcomes supports transparency and accountability 

[69, 70]. 
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To institutionalize feedback integration, the 

framework promotes the use of digital tools that track 

changes and document rationales behind requirement 

modifications. This audit trail enhances trust among 

stakeholders by demonstrating responsiveness and 

fostering collaborative ownership of project outcomes. 

Ultimately, these mechanisms create a feedback-rich 

environment that strengthens the integrity of 

requirement mapping and supports adaptive project 

management in complex, multi-phase energy 

infrastructure projects [71, 72]. 

CONCLUSION 

This paper has developed a comprehensive framework 

specifically designed to map stakeholder requirements 

in complex multi-phase energy infrastructure projects. 

The framework’s core strength lies in its systematic 

approach to stakeholder identification, requirement 

categorization, prioritization, and integration across 

multiple project phases. By emphasizing the dynamic 

nature of stakeholder involvement and the evolving 

project environment, it addresses a critical gap found 

in existing methodologies that often treat requirements 

as static or isolated within single phases. 

A key contribution of the framework is its 

incorporation of iterative processes for continuous 

updating and validation. This ensures that stakeholder 

requirements remain relevant and aligned with project 

realities as conditions change over time. The 

structured workflow and incorporation of decision-

support tools foster transparency and accountability, 

enabling project teams to balance competing demands 

effectively while maintaining alignment with 

regulatory, technical, environmental, and social 

considerations. 

Furthermore, the framework’s emphasis on integration 

promotes coherent management of stakeholder needs 

across phase transitions, which is essential for 

minimizing conflicts and mitigating risks associated 

with poor communication or misalignment. This 

holistic approach ultimately enhances the robustness 

and resilience of project delivery, thereby increasing 

the likelihood of successful outcomes in highly 

complex energy infrastructure projects. 

For practitioners, the framework provides a practical 

roadmap to navigate the complexities inherent in 

multi-phase projects, where stakeholder requirements 

are diverse and continuously evolving. By 

systematically identifying all relevant stakeholders 

and revisiting this identification throughout the project 

lifecycle, practitioners can ensure that no critical 

perspectives are overlooked, thus reducing the risk of 

costly disputes or delays. 

The use of structured requirement categorization and 

prioritization supports efficient resource allocation 

and decision-making, helping project managers focus 

attention on the most impactful requirements at the 

right stages. This adaptive prioritization is particularly 

valuable in energy infrastructure projects, where 

technical, regulatory, and social factors can shift 

rapidly. The framework’s processes and tools enable 

practitioners to maintain flexibility without sacrificing 

rigor or clarity. 

Additionally, the integration mechanisms facilitate 

seamless transitions between project phases by 

preserving requirement continuity and traceability. 

This enables better coordination among 

multidisciplinary teams and external stakeholders, 

fostering collaborative problem-solving and timely 

resolution of emerging issues. The framework’s 

emphasis on validation and feedback further promotes 

stakeholder trust and engagement, which are vital for 

successful project execution in complex 

environments. 

Building on the foundation laid by this framework, 

future research could explore the development of 

advanced digital platforms that enhance real-time 

stakeholder engagement and automate parts of the 

requirement mapping process. Leveraging artificial 

intelligence and machine learning techniques may 

provide novel capabilities to detect evolving 

stakeholder needs, predict conflicts, and suggest 

optimal prioritization dynamically, thereby increasing 

the responsiveness and efficiency of the framework. 

Moreover, expanding the framework to incorporate 

cross-sectoral interactions, especially in integrated 

energy systems involving multiple infrastructure types 

(e.g., electricity, gas, renewables), could offer 

valuable insights. Such expansion would require 

addressing additional layers of complexity arising 
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from interdependencies and regulatory diversity, 

opening pathways for more comprehensive and 

resilient requirement management approaches. 

Finally, empirical validation through longitudinal 

studies of real-world multi-phase projects would 

provide critical feedback on the framework’s practical 

effectiveness and adaptability. Insights gained from 

these studies could guide refinements and 

customization, ensuring the framework remains 

relevant amid technological advancements and 

evolving stakeholder expectations. This iterative 

knowledge-building process is essential for 

maintaining the framework’s utility in the fast-

changing landscape of energy infrastructure 

development. 
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