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Abstract- The digital transformation of energy
infrastructure programs presents both
unprecedented  opportunities and  substantial
governance challenges. Traditional project delivery
models often struggle to accommodate the iterative
development cycles, stakeholder complexity, and
compliance demands characteristic of these large-
scale systems. This paper proposes a set of agile
product ownership models tailored to the unique
demands of energy infrastructure, drawing on
theoretical insights from Agile principles, systems
thinking, and organizational design. The models
developed—namely the role-based ownership model,
the collaborative ownership model, and the scaled
product ownership model—provide structured yet
flexible frameworks to enhance decision-making,
stakeholder alignment, and value delivery. Each
model addresses specific organizational conditions
and governance requirements, enabling energy
programs to navigate the tensions between agility
and control better. The study emphasizes the need to
adapt Agile practices rather than adopt them
wholesale, advocating for ownership structures that
are context-sensitive and functionally distributed.
The paper concludes by outlining theoretical
limitations and proposing directions for future
empirical research to validate and refine these
conceptual models.

Indexed Terms- Agile Product Ownership, Digital
Transformation, Energy Infrastructure,
Organizational Design, Governance Models, Scaled

Agile Frameworks

L. INTRODUCTION

1.1 Background and Motivation
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Energy infrastructure programs are critical to national
economies and societal well-being, underpinning
industries such as transportation, manufacturing, and
urban development [1, 2]. Traditionally characterized
by long development cycles, extensive regulatory
oversight, and substantial capital investment, these
programs are now facing mounting pressure to adapt
in response to the global shift towards digital
transformation [3, 4]. Emerging technologies—
ranging from real-time analytics to smart grid
solutions—are enabling unprecedented levels of
efficiency, resilience, and environmental
accountability. =~ However, integrating  digital
capabilities into legacy infrastructure systems presents
significant organizational and
complexities [5, 6].

operational

Against this backdrop, Agile methodologies have
gained prominence for their ability to respond to
change through iterative development and cross-
functional collaboration [7]. Originating in software
development, Agile principles are increasingly being
adapted for broader applications, including large-scale
infrastructure programs [8, 9]. Central to the Agile
approach is the concept of product ownership, a role
designed to maximize value delivery by bridging the
gap between customer needs and delivery teams [10].
In the context of energy infrastructure, this role must
be redefined to accommodate multi-stakeholder
governance, long project timelines, and stringent
compliance requirements [10, 11].

The motivation for this research lies in the urgent need
to reconceptualize product ownership to meet the
demands of digital transformation in energy
infrastructure programs. Current approaches often fall
short in facilitating agile decision-making,
coordinating cross-domain knowledge, and sustaining
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strategic alignment over multi-year development
cycles. By developing fit-for-purpose models of
product ownership, this study aims to contribute to the
evolution of delivery frameworks that can both
embrace digital innovation and respect the operational
realities of energy systems.

1.2 Problem Statement

Despite widespread recognition of the benefits of
digital transformation, energy infrastructure programs
continue to rely heavily on traditional project delivery
frameworks, such as the waterfall model, which
emphasize sequential planning and rigid governance
structures. These models often lack the flexibility
needed to incorporate evolving technological
advancements, regulatory updates, and stakeholder
inputs that are integral to digital initiatives. As a result,
there is a growing disconnect between strategic intent
and delivery outcomes, leading to delays, cost
overruns, and underutilization of digital assets.

One of the central challenges is the absence of an
effective product ownership paradigm tailored to the
scale and complexity of infrastructure programs.
Conventional product ownership roles, as defined in
Agile methodologies, are not readily translatable to
environments where accountability is diffused across
engineering, regulatory, operational, and commercial
domains. This misalignment hinders the capacity for
rapid iteration, customer-focused design, and adaptive
planning—hallmarks of  successful digital
transformation efforts [12, 13].

Additionally, energy infrastructure organizations
often struggle with embedding Agile practices into
their existing structures due to siloed decision-making,
hierarchical ~management styles, and rigid
procurement processes. Without clear models for
assigning product ownership responsibilities across
strategic and operational layers, digital initiatives risk
being marginalized or mismanaged [14, 15]. This
paper identifies the need for systematically developed,
theoretically grounded models that address these
organizational and operational barriers, ensuring that
product ownership serves as a catalyst rather than a
bottleneck for transformation.
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1.3 Research Objectives and Contributions

The primary objective of this paper is to develop
conceptual models of agile product ownership that are
specifically tailored to the unique demands of digital
transformation in energy infrastructure programs.
These models seek to reconcile the adaptive, value-
driven ethos of Agile methodologies with the
structured, risk-averse nature of large-scale
infrastructure delivery. By doing so, the paper aspires
to bridge a critical gap in the literature and provide
actionable insights for practitioners navigating
complex digital initiatives.

One major contribution of this study is the formulation
of role-based and collaborative ownership models that
articulate how responsibilities can be effectively
distributed across multidisciplinary teams. These
models aim to facilitate better coordination, enhance
responsiveness to change, and improve the alignment
between digital strategies and infrastructure outcomes.
The paper also introduces a scaled product ownership
framework, designed to manage interdependencies
within program portfolios, where multiple Agile teams
operate simultaneously under a unified strategic
vision.

From a theoretical standpoint, the paper contributes to
the emerging discourse on organizational agility in
complex systems. It expands the application of Agile
principles beyond software or product development to
include critical infrastructure environments, where the
stakes and constraints are markedly different.
Furthermore, it provides a foundation for future
empirical research by offering well-defined constructs
and conceptual clarity, enabling both academic and
industry stakeholders to examine and refine agile
governance practices in infrastructure settings
critically.

IL. THEORETICAL FOUNDATIONS

2.1 Agile Principles in Complex Systems

Agile methodologies are built upon foundational
principles that prioritize adaptability, customer
collaboration, iterative delivery, and cross-functional
teamwork [16]. Originally developed for software
engineering, Agile frameworks such as Scrum and
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SAFe emphasize rapid feedback loops and
incremental value delivery [17, 18]. These principles
have increasingly been applied to complex systems
beyond their original domain, prompting scholars to
investigate their scalability and adaptability to large,
capital-intensive programs. In the context of energy
infrastructure, complexity arises not only from the size
and duration of projects but also from the interaction
of technical, regulatory, and socio-economic variables
that evolve over time [19, 20].

Complex systems exhibit non-linear behavior,
interdependence among components, and emergent
properties that challenge conventional planning and
control mechanisms. Agile’s iterative approach and
emphasis on responding to change position it as a
potential enabler for managing this complexity [21,
22]. However, the translation of Agile principles to
such contexts requires modifications to accommodate
the slower feedback cycles and higher risk profiles
inherent to infrastructure development. Agile in
complex systems is less about frequent releases and
more about continuous learning, stakeholder
alignment, and adaptive governance [23, 24].

Researchers have begun to articulate the conditions
under which Agile practices can succeed in large-scale
programs. These include the presence of modular
design architectures, empowered teams with domain-
specific autonomy, and the institutional willingness to
decentralize decision-making [25, 26]. The relevance
of Agile in energy infrastructure depends on the ability
to align these enabling conditions with industry
constraints. As such, Agile must be reframed not
merely as a delivery method, but as a mindset for
navigating uncertainty and fostering cross-disciplinary
innovation. This reframing underpins the need for a
redefined product ownership model that is both
responsive and resilient [27, 28].

2.2 Product Ownership: Roles and Responsibilities

Product ownership is a central construct in Agile
methodologies, traditionally defined as the role
responsible for maximizing product value by
prioritizing work and acting as a liaison between
stakeholders and delivery teams [29, 30]. In standard
Agile settings, the product owner represents the voice
of the customer, maintains the product backlog, and
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ensures alignment between business goals and
development efforts. This role is characterized by
decision-making authority, strategic foresight, and a
deep understanding of user needs. However, in large,
complex systems, these responsibilities often exceed
the capacity of a single individual [31-33].

In energy infrastructure programs, the role of product
ownership must contend with multi-stakeholder
governance, intricate compliance requirements, and
significant operational constraints. Decision-making
authority is typically distributed across multiple
actors, each with competing interests and distinct
priorities [34, 35]. This fragmented landscape dilutes
the effectiveness of a single product owner and
necessitates a shift toward collective or distributed
models of ownership. These models must define how
strategic  direction, technical feasibility, and
operational constraints are integrated into coherent
delivery decisions [36, 37].

Moreover, traditional project management roles—
such as project sponsors, managers, and systems
engineers—do not map cleanly onto Agile product
ownership. The former are often constrained by rigid
hierarchical structures and fixed accountability
matrices, whereas Agile product ownership thrives on
empowerment and rapid iteration [38]. Bridging this
gap requires the articulation of hybrid roles that
respect regulatory rigor while fostering collaborative
innovation. A well-defined product ownership model
must therefore balance autonomy with accountability,
and agility with assurance, offering a framework for
decision-making that is both decentralized and aligned
with long-term program objectives [39, 40].

2.3 Digital Transformation in Energy Infrastructure

Digital transformation in energy infrastructure refers
to the integration of advanced digital technologies—
such as Internet of Things (IoT), machine learning,
and cloud computing—into the planning,
construction, operation, and maintenance of energy
systems. These technologies enable smarter grid
operations,  real-time = monitoring,  predictive
maintenance, and improved resource optimization [41,
42]. As a result, infrastructure programs are evolving
from static, linear undertakings into dynamic, data-
driven systems that can adapt to changing
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environmental and market conditions. This
transformation has strategic, operational, and
regulatory implications that necessitate new forms of
governance and leadership [43, 44].

The introduction of digital technologies complicates
the governance of infrastructure programs, as it
requires coordination across IT, engineering,
regulatory, and business domains. Traditional
governance structures, which are often siloed and
compliance-oriented, are ill-equipped to manage the
fast-paced, iterative nature of digital innovation [45].
Agile governance models, with their focus on cross-
functional collaboration and continuous feedback,
offer an alternative—but they must be adapted to
ensure compliance with safety, environmental, and
legal standards inherent in energy infrastructure
development [46, 47].

One of the key challenges in this transformation is
aligning  digital innovation with long-term
infrastructure goals. While digital tools can enhance
operational efficiency and system resilience, their
integration must be carefully managed to avoid
fragmentation, technical debt, and misalignment with
stakeholder expectations. Product ownership, in this
context, becomes a critical mechanism for ensuring
that digital solutions are purposeful, scalable, and
aligned with strategic objectives. As such, the
development of agile product ownership models must
take into account the broader governance ecosystem in
which digital transformation occurs, ensuring
cohesion between innovation and infrastructure
integrity [48, 49].

III. METHODOLOGICAL APPROACH

3.1 Analytical Framework for Model Development

The development of product ownership models for
energy infrastructure programs requires a structured
analytical framework grounded in both Agile theory
and systems thinking. This framework must
accommodate the unique operational, regulatory, and
technical characteristics of infrastructure programs
while ensuring consistency with Agile principles [50,
51]. The key analytical criteria adopted in this paper
include role clarity, decision-making efficiency,
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stakeholder alignment, and adaptability. These criteria
are used to evaluate potential configurations of
product ownership roles, ensuring they can support
iterative development within large-scale, regulated
environments [52, 53].

A multi-layered model-building approach was
employed, drawing from comparative organizational
design theory and Agile scaling literature. By
examining the interdependencies among strategic,
tactical, and operational levels, the framework
identifies role distributions that enhance coordination
without centralizing authority excessively. The
approach also incorporates learnings from socio-
technical systems theory, emphasizing the co-
evolution of organizational roles and technological
systems. This theoretical grounding ensures that
proposed models are not only structurally sound but
also contextually sensitive to the complexities of
energy programs [54, 55].

In constructing the models, emphasis was placed on
balancing responsiveness with governance integrity.
This meant identifying mechanisms through which
product ownership could facilitate timely decision-
making while still adhering to regulatory constraints
and long-term infrastructure requirements [56, 57].
The analytical process involved synthesizing role
archetypes, communication protocols, and decision
rights into cohesive frameworks. These were
iteratively refined based on their theoretical
robustness, practical feasibility, and alignment with
the goals of digital transformation in infrastructure
development. The resulting models are thus designed
to be adaptable templates that can inform
organizational design and project execution strategies
in digitally evolving infrastructure settings [58, 59].

3.2 Integration of Agile with Digital Governance

The integration of Agile practices into digital
governance structures in the energy sector necessitates
the careful alignment of compliance, control, and
innovation. Digital governance refers to the policies,
standards, and frameworks that ensure data integrity,
cybersecurity, and regulatory adherence within
digitally enabled infrastructure systems. Agile, by
contrast, emphasizes flexibility, continuous delivery,
and decentralized decision-making. Reconciling these
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paradigms requires a hybrid approach that
incorporates governance functions into Agile
workflows without compromising responsiveness or
innovation capacity [60, 61].

Key to this integration is the embedding of governance
checkpoints into Agile delivery cycles, enabling
compliance and risk assessment to occur iteratively
rather than post-facto. These checkpoints can be
facilitated by dedicated roles or cross-functional
oversight groups within Agile teams, ensuring that
regulatory concerns are addressed early and
continuously. This approach reduces the likelihood of
non-compliance while maintaining the cadence of
Agile development. Furthermore, transparency
mechanisms such as real-time dashboards, traceability
logs, and digital audit trails support both Agile
transparency and governance reporting requirements
[62].

Product ownership plays a pivotal role in harmonizing
Agile and governance priorities. Product owners must
be equipped not only with domain knowledge and
stakeholder insights but also with an understanding of
regulatory frameworks and digital governance
standards. Their ability to prioritize work must reflect
both user value and compliance needs. Consequently,
the models developed in this paper incorporate
governance sensitivity as a core competency of
product ownership, advocating for roles that can
mediate between Agile execution and strategic
oversight. This integration enhances the credibility
and sustainability of Agile transformations in energy
infrastructure contexts [63].

3.3 Organizational Design Considerations

Organizational design significantly influences the
success of Agile product ownership in complex
infrastructure programs. Traditional hierarchies,
characterized by top-down command structures and
compartmentalized functions, often impede the
responsiveness and collaboration required by Agile
methodologies. Therefore, transitioning to agile
product  ownership models necessitates a
reconfiguration of roles, reporting lines, and
communication pathways to promote greater
decentralization, autonomy, and cross-functional
interaction. This reconfiguration must also preserve
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the integrity of mission-critical systems and ensure
alignment with corporate strategy [64, 65].

A central consideration is the distribution of decision
rights across different organizational layers. Rather
than consolidating authority in a single product owner,
effective  models may distribute ownership
responsibilities among several coordinated roles, each
accountable for specific domains such as compliance,
customer value, or system integrity. This approach
mitigates the risk of overload while fostering domain-
specific expertise and accountability. Communication
structures must also be redesigned to support real-time
collaboration across teams, often through digital
platforms and embedded liaison roles that ensure
alignment without unnecessary bureaucracy [66].

Organizational readiness for agile product ownership
depends not only on structure but also on culture.
Empowering teams to make decisions, embracing
iterative learning, and fostering psychological safety
are prerequisites for sustained agility. Therefore, the
models proposed in this paper are accompanied by
recommendations for cultural enablers such as
leadership support, training programs, and incentive
alignment. By addressing both the structural and
behavioral dimensions of organizational design, these
models aim to embed product ownership as a durable
capability rather than a transient role assignment,
facilitating meaningful digital transformation in
energy infrastructure environments [67].

IV.  PROPOSED AGILE PRODUCT
OWNERSHIP MODELS

4.1 Role-Based Ownership Model

The role-based ownership model decomposes product
ownership responsibilities across three organizational
tiers: strategic, tactical, and operational. At the
strategic level, executive stakeholders define long-
term objectives, prioritize digital transformation
initiatives, and ensure alignment with regulatory and
financial imperatives. These actors set the vision and
allocate resources but do not directly influence day-to-
day delivery. The tactical level includes senior product
leads or portfolio owners who translate strategic goals
into actionable product roadmaps, balancing
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stakeholder interests with technical feasibility. They
coordinate across teams, arbitrate conflicts, and
provide continuity in long-term planning.

At the operational level, Agile product owners are
embedded within teams and focus on backlog
management, user story definition, and immediate
stakeholder engagement. These individuals are
responsible for maximizing the value of individual
product increments and maintaining frequent
communication with technical teams and users. The
delineation of responsibilities ensures that decision-
making is both context-aware and timely, preventing
bottlenecks and ambiguity.

This tiered model fosters coherence across
organizational layers while preserving agility at the
delivery level. It allows organizations to maintain
oversight and strategic clarity without micromanaging
implementation. Clear interfaces between layers are
critical to success, supported by governance
mechanisms such as regular alignment forums and
digital collaboration platforms. By assigning product
ownership responsibilities based on the nature of
decisions—strategic, integrative, or operational—the
model enables organizations to respond effectively to
the evolving requirements of digital transformation
within complex infrastructure programs [68].

4.2 Collaborative Ownership Model

The collaborative ownership model recognizes that a
single individual rarely possesses the cross-domain
expertise required to manage product ownership in
complex, multi-stakeholder programs. Instead, it
promotes a shared responsibility model that integrates
domain experts, engineers, digital strategists, and
compliance officers within a unified product
ownership group. Each member contributes
specialized knowledge, ensuring that trade-offs
between technical performance, user needs, and
regulatory constraints are explicitly addressed. This
approach enhances decision quality and fosters shared
accountability for product outcomes.

Collaboration is enabled through structured
coordination mechanisms such as decision-making
councils, rotating leadership roles, and integrated
planning sessions. Unlike siloed communication, this
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model supports continuous dialogue across roles,
reducing the risk of misalignment and improving
responsiveness to change. Responsibilities such as
backlog refinement, value prioritization, and
stakeholder engagement are distributed based on
expertise rather than hierarchy. For instance, engineers
may lead on technical feasibility, while strategists
focus on aligning features with business goals.

Crucially, this model requires a cultural foundation of
trust, transparency, and mutual respect. It is best suited
to organizations committed to breaking down
functional barriers and encouraging interdisciplinary
collaboration. The model also depends on strong
facilitation and clear communication norms to prevent
decision paralysis. By embedding diverse perspectives
within the ownership function, the collaborative model
increases resilience and adaptability, aligning digital
transformation efforts with the complex and evolving
nature of energy infrastructure projects.

4.3 Scaled Product Ownership for Program Portfolios

In large infrastructure programs where multiple Agile
teams operate concurrently, coordination becomes a
central challenge. The scaled product ownership
model addresses this by introducing a layered
coordination structure that aligns individual team
efforts with overarching program goals. At the heart of
this model is a product ownership council or program-
level governance board, composed of representatives
from each Agile team as well as portfolio managers.
This group ensures that work streams are
synchronized, interdependencies are managed, and
shared objectives are maintained.

Individual product owners retain autonomy within
their respective teams, focusing on sprint-level
decisions and stakeholder engagement. However, they
also participate in cross-team planning events and
reviews, where broader program priorities are
negotiated. This dual accountability ensures local
responsiveness  without compromising  global
coherence. Portfolio-level roles, such as enterprise
product managers or digital transformation leads,
provide guidance on sequencing, risk mitigation, and
alignment with business strategy.
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The scaled model is particularly effective in managing
product ownership across modular systems, where
components developed by different teams must
ultimately integrate into a cohesive whole. It supports
incremental progress while preserving architectural
integrity and strategic direction. Communication
across teams is facilitated through shared digital tools,
common taxonomies, and regular program increment
planning sessions. This model transforms product
ownership from a fragmented, team-level function into
a scalable coordination mechanism, vital for achieving
coherence in digitally enabled energy infrastructure
programs [69, 70].

V. CONCLUSION AND FUTURE RESEARCH

This paper has proposed structured models of agile
product ownership specifically tailored to the
complexities of digital transformation in energy
infrastructure programs. By exploring the intersection
of Agile principles, product ownership, and the unique
governance demands of the energy sector, the study
contributes to both theoretical understanding and
practical design. The role-based, collaborative, and
scaled ownership models provide conceptual
pathways for organizations seeking to integrate agility
without compromising the oversight and coordination
critical to infrastructure development. These models
emphasize adaptability, multi-level decision-making,
and domain-specific collaboration.

One of the primary insights offered is the reframing of
product ownership not as a static role, but as a dynamic
set of functions distributed across different
organizational levels and actors. This distribution
aligns better with the operational and compliance
realities of energy programs, where no single
individual can manage the breadth of strategic,
technical, and regulatory concerns. The models
presented respond to this challenge by embedding
flexibility and collective intelligence into the
ownership function.

Additionally, the paper contributes to the broader
discourse on digital transformation by situating Agile
practices within the governance architectures of
capital-intensive industries. It demonstrates how agile
product ownership, when effectively designed, can
become a driver of innovation, integration, and
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stakeholder alignment. By extending Agile thinking
beyond its traditional domains, the paper supports the
argument that agility is not a methodology to be
adopted wholesale, but a set of principles that must be
carefully adapted to context. This perspective is
essential for energy programs undergoing
technological and organizational evolution.

While the models proposed offer a structured
foundation, they are conceptual and have not yet been
subjected to empirical testing. This limits the ability to
generalize their effectiveness or determine the
conditions under which each model is most applicable.
Moreover, the models assume a certain level of
organizational maturity, digital literacy, and openness
to structural change—factors that may not be present
in all energy organizations. The absence of real-world
validation or longitudinal data means that these
frameworks should be treated as hypotheses rather
than prescriptive solutions.

From a theoretical standpoint, the paper draws on
systems thinking, Agile theory, and organizational
design literature. However, it does not deeply engage
with competing theories of control, institutional
inertia, or power dynamics, all of which influence how
new roles and responsibilities are adopted.
Incorporating perspectives from institutional theory or
sociotechnical systems theory could offer deeper
insights into the barriers and enablers of agile product
ownership adoption. These omissions present
opportunities for more nuanced future analysis.

The conceptual nature of the work also raises
important questions about the nature of agility itself in
heavily regulated and asset-intensive industries. While
Agile is often portrayed as universally applicable, this
paper highlights the need to interrogate its boundaries
and assumptions. In this sense, the study invites
reflection on whether agility must be fundamentally
redefined—Iess as a set of practices and more as a
governance philosophy. This theoretical pivot could
enrich future frameworks by focusing on values,
power structures, and institutional legitimacy in
parallel with delivery mechanisms.

Future research should pursue empirical validation of
the proposed ownership models through case studies,
organizational pilots, and field observations.
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Longitudinal studies would be particularly valuable in
assessing how these models evolve over time, how
organizations transition from traditional governance to
agile ownership, and what factors influence the
sustainability of such transformations. Comparative
research across different sectors—such as utilities,
transportation, or defense—could further
contextualize the findings and explore sector-specific
constraints and adaptations.

Another promising avenue involves exploring the
behavioral dimensions of product ownership. Studies
could investigate how individuals and teams interpret
ownership roles, manage competing accountabilities,
and engage in decision-making under uncertainty.
This could involve ethnographic research, structured
interviews, or simulation exercises that reveal the
cognitive and social processes behind effective agile
leadership. Such work would extend the theoretical
basis of product ownership by incorporating insights
from organizational psychology and leadership
studies.

Finally, future inquiry could examine the institutional
and policy contexts that support or hinder agile
governance in infrastructure development. Regulatory
frameworks, procurement processes, and performance
evaluation criteria often influence how innovation is
perceived and adopted. Researchers might investigate
how policy reforms, funding models, or digital
standards can be aligned to support agile product
ownership. These studies would bridge micro-level
organizational design with macro-level systemic
change, helping to chart a more coherent path for
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