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ABSTRACT

The article addresses the role of Enterprise Architecture in the process of digital transformation within the energy
sector. The relevance of the topic is driven by the rapid development of digital technologies and the need for their correct
and timely integration into the traditional business models of the industry to enhance efficiency, competitiveness, and
resilience of enterprises.

Thepurposeofthisstudy is to identify key aspects of the interplay between digital transformation and Enterprise Architecture
in companies operating in the energy field, and to develop recommendations for optimization in this direction.

Through analysis, the author identified contradictions between the need to implement innovative digital solutions and
the established organizational structures of energy enterprises, as well as between the drive for rapid digitalization and
the assurance of cybersecurity and sustainable development. The author concludes that successful digital transformation
must rely on carefully considered and comprehensive approaches to Enterprise Architecture reform, including the revision
of business processes, organizational structures, and internal corporate culture.

This article will be useful for managers and specialists in energy companies involved in strategic development and digital
transformation, as well as researchers in energy sector management and information technologies.

KEYWORDS: business model, Enterprise Architecture, sustainable development, digital transformation, digital

technologies, energy company, energy sector.

INTRODUCTION

In the era of rapid digitalization, the energy sector faces
unprecedented challenges. The transformation of business
models, the optimization of production processes, and the
adaptation to new market realities require a comprehensive
approach to managinginformation systems and technological
resources. In this context, Enterprise Architecture serves as
a key tool, ensuring alignment between strategic goals and
the operational activities of energy enterprises.

The research problem lies in the insufficient study of the
interplay between digital transformation and Enterprise
Architecture in energy companies, coupled with the lack of
a comprehensive approach to assessing the effectiveness
of implementing digital technologies in the context of
sustainable development and increasing the competitiveness
of energy sector enterprises.

METHODS AND MATERIALS

The methods employed in writing this article included
comparison, statistical analysis, synthesis,and generalization.
In addition, relevant publications on the topic were studied.

In contemporary scientific literature, authors examine
various aspects of digital transformation in the energy sector
and its impact on the Enterprise Architecture of enterprises.

For instance, K. Bar and A. Fliaster (2023) analyze the
dual transition, linking digital innovations to the value
propositionsofcompaniestoensuresustainable development
[1]. R. Canelon and co-authors (2022) propose a process for
designing digital innovation platforms for energy companies,
emphasizing the importance of a structured approach to
implementing new technological developments. Several
authors discuss general trends and scenarios of digital
transformation in the energy sector, providing an overview of
key technologies and their potential impact on the business
processes of companies [3]. They also explore the influence
of digital maturity on sustainable development effects
in the energy sector under Industry 4.0, highlighting the
close connection between digitalization and environmental
responsibility [4]. F. Yu and co-authors (2023) examine the
impact of regional environmental regulations on the digital
transformation of energy enterprises, considering the
moderating role of top management [8]. N. Zhu and Y. Zhang
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(2022) study the influence of managerial characteristics on
the environmental responsibility of energy systems in the
digital era, using the example of traditional energy companies
in China [10].

0. Sunday and colleagues (2023) explore the role of
management information systems in corporate decision-
making in the digital economy [6]. ]. Yu (2023) investigates
how digital finance contributes to “green” innovations in
“new energy” organizations [9].

Thus, authors employ various approaches in their works—
ranging from theoretical analysis, empirical research,
case studies, and industry reviews. Many studies rely on
quantitative methods (statistical analysis, modeling), while
others provide qualitative analysis of trends and strategies.
A common theme in the literature is the recognition of
the pivotal role of digital transformation in reshaping the
Enterprise Architecture of energy companies, with a focus
on innovation, sustainable development, and adaptation to
changing market conditions.

RESULTS AND DISCUSSION

Based on the analysis of the conceptual framework [2,
6], we note that Enterprise Architecture represents a
comprehensive concept for describing and designing all
components of an enterprise, including business processes,
information systems, technological infrastructure, and
organizational structure.

In the context of digital transformation in the energy sector, it
becomes particularly important, acting as a kind of “bridge”
between strategic vision and the practical implementation of
innovative initiatives.

Digital transformation in the energy sector is aimed at
enhancing the efficiency of energy production, distribution,
and transmission. Additionally, it helps identify and provide
more environmentally friendly energy solutions that meet
regulatory requirements. In this regard, data from a survey
of organizational representatives on how digitalization
improves energy management is of interest (Fig. 1).
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Source: DNV GL - Energy

Fig. 1. Respondents’ assessment of the role of digitalization in improving energy management [3]

One of the key aspects of applying Enterprise Architecture in energy companies is the integration of disparate information
systems. Historically, many enterprises in the sector have a heterogeneous IT infrastructure, consisting of numerous legacy
systems and specialized solutions [1]. In this context, it is worth emphasizing that Enterprise Architecture allows for the
creation of a unified information “ecosystem,” ensuring seamless interaction between different components and improving

the efficiency of business processes.
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In the context of digital transformation in the energy sector, the implementation of Industrial Internet of Things (11oT)
technologies plays a particularly significant role. Relevant statistical data is presented in Fig. 2.

The value of 10T in the global energy market from 2020 to 2025

¥ WAVERLEY
Fig. 2. The development of the Internet of Things for the energy sector [7]

Enterprise Architecture provides the methodological “foundation” for integrating [1oT solutions into existing infrastructure,
enabling the collection, processing, and analysis of large volumes of data from numerous sensors and devices. This opens up
numerous opportunities for predictive equipment maintenance, energy consumption optimization, and overall improvement
of production process efficiency.

Another important aspect is ensuring cybersecurity in the face of increasing digitalization in the energy sector. Enterprise
Architecture enables the establishment of a comprehensive system for protecting information assets, taking into account
the specifics of the industry and potential threats. The integration of security measures at all levels of the architecture
contributes to creating a cyber-resilient infrastructure, which is crucial for maintaining the continuity of business processes
in energy companies.

The implementation of artificial intelligence technologies also requires a systematic approach, which is facilitated by the
Enterprise Architecture described in this article. It helps to create the necessary infrastructure components for data collection
and processing, development and implementation of Al models, and their integration into existing business processes.
This opens up wide possibilities for optimizing energy grid management, forecasting electricity demand, and improving
generation efficiency. According to “Gartner,” 92% of energy and utility companies plan to implement artificial intelligence,
along with machine learning, into their operations by 2026 (Fig. 3).

Which technologies are most likely to be implemented by 20267

Artificial Intelligence/ o,
Machine Learning 92 i{) g ™

Genaralive Al

Top game-changing
technology in the next

Low-code/Mo-code three years:
Development Platform
Artificial Intelligence
Pisfiouted Cloud and Generative Al

Entarprise Erwironmental, Social A /
and Govemancea Software

Source: Gartner

Fig. 3. Statistical data on the plans of energy and utility companies regarding the introduction of Al and machine learning
into their functionality [5]
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The management of data takes on particular importance
in the context of the digital transformation of energy
companies. Enterprise Architecture ensures the creation of
a unified data governance mechanism, covering all stages
of the information lifecycle—from collection and storage
to analysis and disposal. This enhances the quality and
accessibility of data necessary for informed decision-making
and optimizing business operations.

The implementation of Enterprise Architecture in energy
companies faces several challenges. One of the key challenges
is overcoming organizational inertia and resistance to
change. Successful implementation of architectural initiatives
requires the support of senior management, combined with

the establishment of a culture of continuous improvement at
all levels of the organization.

Another complexity is achieving a balance between
standardization and flexibility in architectural solutions.
On the one hand, unifying components and processes
helps reduce costs and improve the manageability of the IT
environment. On the other hand, excessive standardization
can significantly limit the company’s innovative potential and
its ability to adapt to rapidly changing market conditions.

Given the existing problems and challenges, this study
proposes an innovative algorithm for optimizing Enterprise
Architecture, which takes into account the specifics of the
digital transformation of the energy sector (Table 1).

Table 1 - The content of the optimization algorithm for Enterprise Architecture (compiled by the author)

Stage Description of actions

1. Diagnosing the current state

1.1. Analysis of the existing architecture using the heat mapping methodology 1.2.
Identification of critical inconsistencies between business goals and architectural
components 1.3. Assessment of the company’s technological maturity based on the
developed digital readiness matrix

2. Developing the target
architecture

2.1. Identification of key drivers of digital transformation 2.2. Designing architectural
domains considering the specifics of the energy sector 2.3. Development of a reference
data model for integrating loT devices and energy management systems

3. Prioritizing initiatives

3.1. Application of the analytic hierarchy process for ranking architectural changes 3.2.
Assessment of the potential impact of initiatives on the company’s key performance
indicators (KPIs) 3.3. Formation of a project portfolio considering resource constraints
and dependencies between initiatives

4. Iterative implementation

4.1. Implementation of architectural changes using the Agile methodology and the
concept of the minimum viable product (MVP) 4.2. Continuous monitoring and evaluation
of results based on a balanced scorecard system 4.3. Adaptation of architectural solutions
based on feedback from business users and technical specialists

5. Change management

5.1. Development of a digital competency development program for personnel 5.2.
Introduction of an incentive system to stimulate innovative activity among employees 5.3.

Formation of cross-functional teams to overcome organizational barriers

The approach we recommend allows for the systematization
of the process of adapting architectural solutions to the
dynamically changing requirements of the business and
technological innovations. The implementation stages are
demonstrated above.

The novelty of the proposed algorithm lies in the following:

1. Integration of heat mapping and hierarchy analysis
methods for objective evaluation and prioritization of
architectural changes.

2. Development of a specialized digital readiness matrix that
takes into account the specifics of the energy sector.

3. Application of the MVP concept in the context of Enterprise
Architecture, which helps mitigate risks and accelerate the
achievement of business results.

4. Utilization of a balanced scorecard system for
continuous assessment of the effectiveness of architectural
transformations.

CONCLUSIONS

It should be noted that Enterprise Architecture plays a
crucial role in ensuring the success of digital transformation
for energy enterprises. It provides a holistic approach to
managing information systems and technological resources,
allowing for the alignment of business strategic goals with
operational activities. In the face of increasing complexity
and dynamism in the energy sector, this architecture becomes
an indispensable tool for building adaptive, innovative, and
truly efficient enterprises capable of successfully competing
in the digital age.

The author’s proposed algorithm for optimizing Enterprise
Architecture is a comprehensive tool that enables
energy companies to systematize the process of digital
transformation and maximize returns on investments in
technological innovations. Future research in this area
should focus on adapting the algorithm to the specific needs
of various segments of the energy market and integrating it
with modern predictive analytics methods.
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