© JUN 2021 | IRE Journals | Volume 4 Issue 12 | ISSN: 2456-8880

Modeling Digital Integration Strategies for Electricity
Transmission Projects Using SAFe and Scrum
Approaches

EBIMOR YINKA GBABO', ODIRA KINGSLEY OKENWA?, POSSIBLE EMEKA CHIMA
'AWE - Nuclear Security Technologies (UK)
Zlndependent Researcher, Benin City, Nigeria
3Independent Researcher, Nigeria

Abstract- This paper presents a conceptual
framework for modeling digital integration strategies
in electricity transmission projects by leveraging the
complementary agile methodologies of SAFe and
Scrum. Recognizing the increasing complexity and
dynamic nature of modern power infrastructure, the
study highlights the critical components of digital
integration—including advanced digital
infrastructure, data interoperability, and
organizational change—and examines how agile
frameworks can address these challenges. SAFe’s
scalable structure aligns strategic objectives across
multiple teams, while Scrum’s iterative cycles enable
adaptive, incremental delivery of digital solutions.
The integrated framework fosters enhanced
collaboration, transparency, and accountability,
which are essential for managing technological,
regulatory, and organizational complexities inherent
in transmission projects. The findings emphasize the
necessity of shifting toward agile project
management paradigms to improve responsiveness,
innovation, and operational efficiency. The paper
concludes by outlining future research directions
focused on empirical validation and extending the
framework’s applicability to emerging technologies
and other infrastructure domains.

Indexed Terms- Digital Integration, Electricity
Transmission, SAFe, Scrum, Agile Project

Management, Infrastructure Modernization

L INTRODUCTION

1.1 Background and Context
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The modernization of electricity transmission projects
has become a critical priority as global demand for
reliable and efficient power infrastructure continues to
grow [1]. Traditional project management approaches
often struggle to keep pace with the dynamic and
complex nature of contemporary energy systems,
especially when integrating digital technologies [2].
Digital integration refers to the seamless incorporation
of digital tools, processes, and data-driven insights
into project workflows to enhance coordination,
transparency, and decision-making [3]. In electricity
transmission, this integration supports real-time
monitoring, predictive maintenance, and improved
operational efficiency [4].

Agile methodologies, originally developed for
software development, have gained traction in
managing complex infrastructure projects [5].
Frameworks that promote iterative development,
flexibility, and stakeholder collaboration are
increasingly recognized as valuable for navigating the
uncertainties inherent in large-scale transmission
initiatives. Among these, Scaled Agile Framework
(SAFe) and Scrum stand out for their structured yet
adaptable approaches to scaling agility across
organizational layers [3, 6].

The application of these frameworks to electricity
transmission projects is a relatively novel but
promising area of research. It offers pathways to align
technical, managerial, and operational objectives with
the rapidly evolving digital landscape, potentially
transforming project delivery and outcomes [7].

1.2 Importance of Digital Integration in Electricity
Transmission
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The electricity transmission sector plays a vital role in
ensuring the continuous delivery of power from
generation sources to end users [8]. Digital integration
enhances this role by embedding intelligence and
connectivity into traditionally siloed systems [9]. This
connectivity enables proactive management of
infrastructure, reducing downtime and optimizing
resource allocation. Given the critical nature of power
grids, such improvements translate directly into
increased reliability and resilience [10].

Moreover, digital integration fosters enhanced data
sharing among diverse stakeholders, including
engineers, operators, regulators, and contractors [11].
Improved communication supports better alignment of
project goals and timely resolution of issues, which is
essential in complex transmission projects involving
multiple disciplines. By leveraging digital tools,
stakeholders gain improved visibility into project
status, risks, and resource needs [12, 13].

The adoption of digital strategies also aligns with
broader industry trends toward smart grids and
renewable energy integration. These trends require
flexible and adaptive management methods capable of
responding to changing system demands. Thus,
embedding digital integration within project
frameworks is not merely advantageous but necessary
for  future-proofing  electricity
infrastructure [14, 15].

transmission

1.3 Objectives and Contributions of the Paper

This paper aims to develop a conceptual model that
integrates  digital  strategies into electricity
transmission project management using SAFe and
Scrum methodologies. By focusing on these two
complementary frameworks, the study seeks to bridge
the gap between strategic planning and agile execution
in a sector traditionally dominated by rigid project
management paradigms. The objective is to present an
approach that enhances adaptability while maintaining
necessary structure.

A key contribution lies in demonstrating how SAFe’s
scaling capabilities can coordinate large, multi-team
projects, while Scrum’s iterative cycles support
continuous delivery and feedback. This dual approach
addresses both high-level strategic alignment and
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detailed operational responsiveness, which are critical
for managing the complexities of digital integration.
Additionally, the paper contributes to academic
discourse by providing a clear, actionable framework
for practitioners and researchers interested in
advancing agile practices within electricity
transmission. The model developed offers a
foundation for further empirical validation and
adaptation to other infrastructure contexts.

1L THEORETICAL FOUNDATIONS
2.1 Digital Integration in Infrastructure Projects

Digital integration in infrastructure projects represents
the strategic incorporation of advanced digital
technologies, such as Internet of Things (IoT), big data
analytics, cloud computing, and automation, into
project management and execution processes [16, 17].
This integration fundamentally transforms how
projects are planned, monitored, and controlled by
enabling real-time data flow, predictive analytics, and
enhanced stakeholder collaboration. In large-scale
infrastructure initiatives, digital integration drives
efficiency improvements by reducing manual
processes and enabling more informed decision-
making, which is vital for meeting tight deadlines and
complex regulatory requirements [18, 19].

In the context of electricity transmission, digital
integration  supports the creation of smart
infrastructure that not only transmits power but also
collects and analyzes operational data [10]. This
facilitates proactive maintenance, fault detection, and
dynamic load balancing, all of which contribute to
increased system reliability and reduced operational
costs [9]. The integration process necessitates a shift
from traditional siloed project delivery models to a
more interconnected, data-driven approach that
supports continuous improvement [20, 21].

Challenges remain in the successful implementation of
digital integration, including issues related to
interoperability, cybersecurity, and organizational
change management. Addressing these challenges
requires a holistic strategy that aligns technological
capabilities with project governance, workforce skills,
and stakeholder engagement. Thus, digital integration
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is not just a technical upgrade but a paradigm shift in
infrastructure project delivery [22, 23].

2.2 Overview of SAFe (Scaled Agile Framework)

The Scaled Agile Framework is a comprehensive
methodology designed to extend agile principles
beyond individual teams to large enterprises and
complex projects. It combines agile, lean, and product
development flow principles to facilitate alignment,
collaboration, and delivery across multiple agile teams
working on shared objectives [24, 25]. SAFe
introduces structured layers such as team, program,
and portfolio levels, providing mechanisms for
strategic planning, execution, and governance, which
are essential in large infrastructure projects like
electricity transmission [26, 27].

A defining feature of this framework is its emphasis
on cadence and synchronization, allowing for
predictable delivery cycles and continuous alignment
with evolving business goals [28]. It incorporates
roles, artifacts, and events that ensure transparency,
accountability, and effective communication across
hierarchical boundaries. SAFe’s Lean-Agile mindset
promotes innovation, quality, and rapid response to
change, addressing the complexity and scale
challenges inherent in infrastructure projects [29].

By facilitating scalable agility, SAFe supports not only
software development but also systems engineering
and operational processes. This makes it particularly
relevant to electricity transmission projects where
multidisciplinary collaboration, regulatory
compliance, and technical precision are crucial. Its
adoption can significantly enhance project adaptability
and efficiency in delivering integrated digital solutions
[30,31].

2.3 Overview of Scrum Methodology

Scrum is an iterative and incremental agile framework
primarily designed for managing complex product
development. It promotes teamwork, accountability,
and continuous progress toward well-defined goals
through time-boxed iterations called sprints [32]. Each
sprint results in a potentially releasable product
increment, encouraging frequent feedback and
adaptation. The simplicity of Scrum’s roles—Product
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Owner, Scrum Master, and Development Team—
facilitates clarity in responsibilities and fosters
empowerment [33, 34].

The core of Scrum lies in its empirical process control,
relying on transparency, inspection, and adaptation to
handle complexity and uncertainty. Daily stand-up
meetings, sprint planning, reviews, and retrospectives
create regular opportunities to assess progress and
realign priorities [35]. This promotes responsiveness
to changing requirements and stakeholder needs,
which is critical in dynamic environments such as
electricity transmission projects integrating digital
technologies [36]. While Scrum traditionally
addresses single-team workflows, its principles of
iterative delivery, continuous improvement, and
stakeholder collaboration make it a powerful tool
within scaled frameworks like SAFe. Its application in
infrastructure projects enables teams to break down
large, complex tasks into manageable increments,
facilitating early value delivery and risk mitigation
[37].

III. MODELING DIGITAL INTEGRATION
STRATEGIES

3.1 Key Components of Digital Integration

Digital integration in electricity transmission projects
involves several critical components that collectively
enable a seamless, intelligent, and responsive system.
Central to this integration is the deployment of
advanced digital infrastructure, including sensors,
communication networks, and cloud-based platforms
that facilitate data collection, storage, and analysis [35,
38]. These technologies provide real-time visibility
into grid performance and asset conditions, allowing
for proactive maintenance and  operational
optimization [39, 40].

Another key component is data interoperability, which
ensures that diverse systems and devices communicate
effectively across organizational and technical
boundaries. Standardized protocols and APIs are
essential to facilitate this interoperability, enabling
integration of legacy systems with modern digital
tools. Without this, the potential of digital integration
to unify project workflows and enhance decision-
making remains limited [41].
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Lastly, human factors and organizational processes
play a pivotal role in digital integration success.
Workforce training, change management, and
stakeholder engagement ensure that digital tools are
effectively utilized and aligned with project goals.
Establishing clear governance structures and
workflows that incorporate agile principles further
supports the dynamic nature of digital integration
within complex electricity transmission projects [42,
43].

3.2 Aligning SAFe with Electricity Transmission
Needs

Adapting SAFe to electricity transmission projects
requires tailoring its structured layers and roles to meet
the sector’s unique challenges and regulatory
environment. At the portfolio level, SAFe supports
strategic alignment by linking digital integration
objectives with broader organizational goals such as
grid modernization and sustainability targets. This
ensures that investments in digital technologies align
with long-term operational priorities [44].

At the program and team levels, SAFe’s emphasis on
synchronized planning and continuous delivery
facilitates coordination among cross-functional teams
responsible for engineering, construction, IT, and
operations. The framework’s cadence-based approach
supports managing complex dependencies and phased
rollouts typical in transmission projects, enabling
incremental delivery of digital capabilities while
minimizing disruption to ongoing operations [45, 46].

Moreover, SAFe’s Lean-Agile principles foster a
culture of innovation and adaptability, which is critical
as digital technologies and regulatory requirements
evolve rapidly. By embedding iterative feedback loops
and empowering teams through defined roles and
responsibilities, SAFe enhances responsiveness to
unforeseen challenges and technological advances
within transmission infrastructure projects [47].

3.3 Scrum Practices for Agile Execution
Scrum’s iterative and incremental approach offers
practical mechanisms to operationalize digital

integration strategies through focused, time-boxed
delivery cycles known as sprints. These sprints create
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regular opportunities for teams to develop, test, and
refine digital solutions in manageable increments,
reducing risks  associated  with large-scale
deployments. This iterative process ensures
continuous improvement and adaptation to
stakeholder feedback [48].

Daily Scrum meetings foster transparency and swift
issue resolution by enabling teams to synchronize
efforts, identify impediments, and adjust priorities
collaboratively. Sprint reviews and retrospectives
further promote stakeholder engagement and process
refinement, reinforcing a learning culture critical for
complex infrastructure projects where requirements
and technologies evolve [49, 50].

Applying Scrum practices within electricity
transmission projects also encourages empowerment
and accountability among multidisciplinary teams.
This collaborative environment supports the
integration of diverse expertise—ranging from
electrical engineering to software development—
enhancing the quality and relevance of digital
solutions while accelerating delivery timelines
through focused teamwork [51, 52].

IV. FRAMEWORK DEVELOPMENT AND
STRATEGIC ALIGNMENT

4.1 Integrating SAFe and Scrum in Project
Management

Integrating SAFe and Scrum methodologies within
electricity transmission projects creates a synergistic
framework that balances strategic oversight with
tactical agility. SAFe provides the necessary structure
for coordinating large-scale, multi-team efforts,
aligning program increments with strategic goals, and
managing cross-team dependencies [53]. Scrum
complements this by enabling individual teams to
execute focused, iterative work cycles that deliver
incremental value and foster continuous feedback.
Together, they bridge the gap between enterprise-level
planning and ground-level execution [54].

This integration facilitates hierarchical coordination
where portfolio and program management oversee
vision, funding, and timelines, while Scrum teams
concentrate on delivering specific functionalities and
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adapting to immediate challenges [55]. The resulting
model supports incremental rollouts of digital
solutions, reducing risk and ensuring flexibility. It also
empowers teams by clarifying roles, responsibilities,
and processes, which enhances accountability and
efficiency across all project phases [56, 57].

Such a combined framework is particularly suited to
electricity transmission projects, where digital
integration demands agility in technological adoption
alongside rigorous regulatory compliance and
infrastructure reliability. The fusion of SAFe and
Scrum enables these dual priorities to be addressed
effectively within a unified management approach [58,
59].

4.2 Enhancing Collaboration and Communication

Effective collaboration and communication are
essential for successful digital integration in complex
electricity transmission projects involving multiple
stakeholders and technical domains. The integrated
framework promotes transparency through regular
cadence-based events such as Program Increment (PI)
planning sessions, Scrum ceremonies, and stakeholder
reviews. These forums facilitate alignment on goals,
progress updates, and issue resolution, minimizing
misunderstandings and siloed decision-making [60,
61].

Digital tools such as collaborative platforms,
dashboards, and real-time data sharing further
strengthen communication channels by providing a
centralized repository of information accessible to all
relevant parties. This enhances situational awareness
and accelerates decision-making processes, especially
when quick responses are needed to address
operational or technical risks [62].

Moreover, fostering a culture of open communication
supported by Lean-Agile principles encourages cross-
disciplinary knowledge sharing and innovation.
Teams become more responsive to change, adaptable
to evolving requirements, and collectively accountable
for project outcomes. This collaborative environment
is critical in overcoming the inherent complexity and
dynamic nature of digital integration within electricity
transmission projects [63, 64].
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4.3 Addressing Challenges in Digital Integration

Despite its potential benefits, digital integration in
electricity transmission projects faces significant
challenges that must be proactively managed within
the framework. One major challenge is technological
interoperability, where integrating legacy
infrastructure with new digital systems often reveals
compatibility issues that can delay implementation
and increase costs. A deliberate architectural design
emphasizing standardized interfaces and modular
solutions helps mitigate these risks [65, 66].

Organizational resistance to change also poses a
barrier, as stakeholders accustomed to traditional
project management may hesitate to adopt agile
practices or new digital tools. Effective change
management strategies, including training, leadership
support, and phased adoption, are vital to foster
acceptance and build digital competencies across
teams [67, 68].

Cybersecurity represents another critical challenge
given the increasing connectivity of transmission
infrastructure. The framework must incorporate
security protocols and continuous monitoring to
protect against cyber threats without compromising
system performance. Addressing these multifaceted
challenges requires an integrated approach that
combines technical rigor, agile adaptability, and
strong governance to ensure successful digital
integration [69, 70].

CONCLUSION

This paper has examined the integration of digital
strategies within electricity transmission projects
through the lens of two agile frameworks: SAFe and
Scrum. The analysis underscored that digital
integration is a multifaceted process involving
technological infrastructure, data interoperability, and
organizational adaptation. These components are
critical to transforming traditional transmission
systems into dynamic, data-driven networks capable
of responding effectively to operational challenges.

The study further highlighted how SAFe’s layered
structure supports strategic alignment and governance
across complex, multi-team projects, while Scrum’s
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iterative cycles facilitate continuous delivery and
team-level agility. This dual-framework approach
effectively addresses the scale and complexity
inherent in electricity transmission, enabling
incremental implementation of digital solutions that
minimize risk and enhance adaptability. Moreover, the
integration framework  promotes enhanced
collaboration, transparency, and accountability, which
are essential in navigating the technical, regulatory,
and organizational complexities of modern
transmission projects. These findings provide a
coherent foundation for adopting agile methodologies
in infrastructure contexts traditionally governed by
rigid, linear processes.

The adoption of integrated agile frameworks marks a
significant paradigm shift for project management in
electricity transmission. Managers and stakeholders
must embrace iterative planning and delivery cycles
that allow for flexibility in responding to technological
advances and regulatory changes. This agile mindset
challenges the conventional waterfall approaches,
advocating for adaptive, continuous improvement
practices to manage evolving project demands.

Furthermore, the emphasis on collaboration and
communication through SAFe and Scrum facilitates
cross-disciplinary coordination, which is crucial for
aligning diverse technical teams and external
stakeholders. This alignment ensures that digital
integration efforts are cohesive and responsive to both
strategic  objectives and operational realities,
improving overall project performance and
stakeholder satisfaction.

Additionally, project managers must address the
human and organizational dimensions of digital
transformation. Effective change management, skill
development, and leadership commitment are critical
to overcoming resistance and embedding new ways of
working. Integrating agile frameworks thus requires
not only process and technology changes but also
cultural evolution within electricity transmission
organizations.

While this paper establishes a conceptual model for
applying SAFe and Scrum to digital integration in
transmission projects, empirical validation remains an
essential next step. Future research should explore
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real-world  implementations to  assess  the
effectiveness, benefits, and limitations of the proposed
framework under various project conditions. Case
studies, surveys, and longitudinal analyses could yield
valuable insights into practical challenges and success
factors.

Another promising area for further investigation
involves enhancing the framework’s adaptability to
emerging technologies such as artificial intelligence,
edge computing, and blockchain. These innovations
have the potential to impact digital integration
strategies  significantly, necessitating continual
refinement of agile practices to harness their benefits
fully. Finally, research could expand the framework’s
application beyond electricity transmission to other
critical infrastructure sectors, such as water,
transportation, and telecommunications. Comparative
studies across domains would help generalize agile
digital integration approaches and identify domain-
specific adaptations, thereby advancing the broader
field of infrastructure project management.
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