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ABSTRACT

Purpose: The purpose of this study is to explore the application and potential of generative artificial intelligence (Al) within the context of
electricity distribution companies. The study aims to investigate how these advanced Al technologies, particularly Generative Adversarial
Networks (GANs), can address the sector's pressing challenges, such as load forecasting, power outage prediction, and preventive
maintenance.

Methodology: The study employs a qualitative case study methodology, providing an in-depth analysis of real-world applications of
generative Al within electricity distribution companies. The selection of cases represents a wide variety of experiences and contexts,
facilitated by both primary data collected through semi-structured interviews with key personnel within the organizations and secondary
data derived from an extensive review of company reports, public documentation, and industry publications. The gathered data was
systematically analyzed using thematic analysis to identify and report recurring patterns and themes.

Findings: The analysis reveals that generative Al has been successfully implemented in various operational aspects of electricity distribution.
The first case study presents how GANs have significantly improved load forecasting accuracy in an Eastern Turkish electricity distribution
company. The second case study from Southern Turkey showcases how GANs have been used for predicting power outages, thereby aiding
efficient resource allocation, reducing downtime, and enhancing customer satisfaction. Lastly, the third case from Northern Turkey
demonstrates how generative Al has contributed to effective preventive maintenance of distribution equipment, improving overall system
reliability.

Conclusion: Based on the analysis findings, it may be concluded that generative Al holds transformative potential for the electricity
distribution sector. While the implementation of these technologies is associated with challenges such as data privacy, security, and the
requirement of technical expertise, the benefits in terms of improved accuracy, system reliability, and resource efficiency provide a strong
justification for their adoption. The paper underlines the importance of an interdisciplinary collaboration between Al researchers, electrical
engineers, industry professionals, and policymakers for furthering the adoption of these technologies. As the field of generative Al continues
to evolve, it is expected to have an even greater impact on the electricity distribution sector, thereby opening up exciting opportunities for
future research and application.

Keywords: Generative artificial intelligence (ai), electricity distribution companies, generative adversarial networks (gans), load forecasting,
outage prediction, preventive maintenance
JEL Codes: M40, M41

1. INTRODUCTION

The surge of interest and development in artificial intelligence (Al) technologies in the last decade has been nothing short of revolutionary.
Its application spans a multitude of sectors and industries, from healthcare to finance, logistics to entertainment, and beyond. One sector
that stands to benefit greatly from these advancements is the power sector. Particularly for electricity distribution companies, Al can bring
about a remarkable revolution in the way electricity is distributed and managed.

Artificial Intelligence, in the broader sense, is a multidimensional concept that encompasses different techniques, algorithms, and
philosophies. One area of Al that has caught the attention of researchers and professionals alike is generative Al. It's a subset of Al that
focuses on creating new content, be it images, text, or even more complex outputs like music. This ability to generate new data instances
that resemble the original data provides significant opportunities for diverse applications.

In the power sector, the implications of generative Al are potentially far-reaching. With rising demands for electricity and increasing
complexities of distribution networks, the industry faces several challenges that can potentially be addressed through the application of Al.
These challenges range from demand and supply prediction to efficient distribution, maintenance of grid stability, and prevention of outages.
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Generative Al can play a crucial role in addressing these challenges. For instance, Generative Adversarial Networks (GANs), a type of
generative Al, can be employed for tasks like load forecasting, which involves predicting the demand for electricity. Accurate load forecasting
is crucial for efficient operation of the grid, prevention of power outages, and economic management of resources. Furthermore, generative
Al can also be used to predict and simulate potential faults in the distribution network, thereby enabling preventive maintenance and
ensuring reliability.

In light of these promising opportunities, this paper aims to delve into the current extent and future potential of generative Al applications
within the context of electricity distribution companies. The objective is to provide a comprehensive exploration of the subject, backed by
qualitative case studies, to shed light on this innovative domain at the intersection of Al and power distribution.

2. LITERATURE REVIEW

The rise of Generative Al is well documented within the machine learning research community. Generative Al models, which operate by
learning the underlying data distribution of the training set and generating new instances based on that data, have opened a new frontier in
Al research (Goodfellow et al., 2014). This novel approach has allowed the development of systems that can generate meaningful and realistic
data in diverse fields, from creating synthetic images to generating coherent text. Generative Adversarial Networks (GANs) represent a key
development in this field. GANs consist of two competing neural networks - the generator, which creates new instances, and the
discriminator, which evaluates the generated instances against real instances (Goodfellow et al., 2014). The dualistic nature of GANs, where
the two networks train and improve together, makes them particularly effective for generating realistic data.

The application of generative Al is not limited to the field of computer science or digital media. A burgeoning body of literature shows its
potential within the energy sector, particularly in load forecasting. Load forecasting involves predicting the amount of electricity that will be
needed at a future point in time, which is crucial for electricity distribution operations (Alfares and Nazeeruddin, 2002). Accurate load
forecasting helps to ensure the stability of the power system and supports economic operation by reducing the cost of reserve power.

As the electricity market becomes more complex due to the integration of renewable energy sources and the adoption of smart grids, the
need for more sophisticated load forecasting techniques becomes evident. Traditional load forecasting methods often fail to capture the
complexity and non-linear nature of electricity consumption patterns (Guikema, 2018; Neeraj et al., 2023). As such, the application of
generative Al, particularly GANs, has been explored as an alternative solution. Additionally, the potential of generative Al extends beyond
load forecasting. Other applications within the electricity distribution sector, such as outage prediction and preventive maintenance, have
also been investigated(Bengio et al., 2012; Omitaomu and Niu, 2021). For instance, GANs can be used to generate potential failure scenarios
based on historical data, allowing for early detection and prevention of equipment failure (Wang et al., 2021).

In summary, the literature suggests that generative Al holds considerable potential for electricity distribution companies. By providing
accurate load forecasts and supporting preventive maintenance, these technologies can contribute to the stability and efficiency of the power
grid.

3. DATA AND METHODOLOGY

This study adopts a qualitative research approach, specifically a case study methodology, to explore the usage of generative Al within
electricity distribution companies. The case study methodology allows for an in-depth and detailed examination of the topic within its real-
world context (Yin, 2003). The benefit of this methodology lies in its ability to address how and why questions, providing a comprehensive
understanding of the phenomenon under study. The selection of case studies was carefully undertaken to represent diverse scenarios in
which generative Al is applied in the power distribution sector. Criteria for selection included the size of the organization, the specific
application of generative Al, and geographic location to ensure a wide variety of experiences and contexts were captured. These cases provide
a broad perspective on the extent and implications of generative Al applications in the industry.

Data collection was achieved through a combination of primary and secondary sources. Primary data was obtained through semi-structured
interviews with key personnel within the chosen organizations. These included individuals in roles such as data scientists, operations
managers, and executives, who have direct experience with the application of generative Al in their operations. The semi-structured nature
of the interviews allowed for both specific and open-ended questions, providing a balance between the depth and breadth of information
collected (DiCicco-Bloom and Crabtree, 2006).

Secondary data was collected through an extensive review of company reports, public documentation, and industry publications related to
the application of generative Al in electricity distribution. This provided additional insights into the practical applications, challenges, and
benefits of generative Al implementation, complementing the information gained through the interviews.

Once the data was collected, thematic analysis was conducted to identify, analyze, and report patterns within the data (Braun and Clarke,
2006). This iterative process involved coding the data, generating initial themes, reviewing and refining the themes, and ultimately defining
and naming the themes. Thematic analysis was chosen for its flexibility and ability to provide a rich, detailed, and complex account of the
data.

The methodology used in this study offers a rigorous and systematic approach to understanding the application of generative Al within
electricity distribution companies. Through the combination of case study methodology, semi-structured interviews, and thematic analysis,
this study offers valuable insights into the current state and potential future of generative Al in the power sector.
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4. FINDINGS

Through an in-depth exploration of selected case studies, this research provides compelling evidence of the successful application of
generative Al in electricity distribution operations.

1. Load Forecasting - The first case examined was a major electricity distributor in the east region of Turkey. They have leveraged generative
Al to significantly improve the accuracy of their load forecasting. Using a Generative Adversarial Network (GAN), they developed a model
that captured the complex and non-linear relationships in electricity consumption data. The Al model outperformed the traditional time
series models previously employed by the company, showing a substantial increase in forecast accuracy. The improvement in load forecasting
not only enabled more efficient operation of the power grid but also minimized the likelihood of power outages. The case of Company A
presents a successful example of how generative Al can enhance critical aspects of electricity distribution operations.

2. Power Outage Prediction - The second case involved is a utility company in the south region of Turkey, which used generative Al to predict
power outages. Leveraging a GAN model trained on historical weather data and previous outage incidents, the company successfully
predicted the likely location and extent of power outages. The generative Al model outperformed conventional machine learning models
used for this task in the past. As a result, the company was able to more efficiently allocate resources to mitigate the effects of outages,
thereby reducing downtime and improving customer satisfaction. This example illustrates how generative Al can be employed to manage
and mitigate risk in the electricity distribution sector.

3. Preventive Maintenance - The third case is an electricity distribution company in the north of Turkey, used generative Al for preventive
maintenance of distribution equipment. By training a GAN model on data collected from their distribution equipment, the company was able
to simulate the potential degradation of their equipment under varying conditions. These Al-generated simulations allowed the company to
conduct preventive interventions, reducing unexpected failures and improving the overall reliability of their system. case study underscores
the potential of generative Al for enhancing the reliability of electricity distribution systems. These findings collectively demonstrate the
transformative potential of generative Al in the electricity distribution industry. By enhancing load forecasting accuracy, aiding in the
prediction of power outages, and facilitating preventive maintenance, generative Al tools can significantly improve the efficiency, reliability,
and resilience of power distribution operations.

5. CONCLUSION

The exploration of generative Al applications within electricity distribution companies presented in this paper highlights the transformative
potential of this technology in the sector. Through a series of case studies, we have seen that generative Al can be effectively applied to
critical operational areas such as load forecasting, outage prediction, and preventive maintenance.

The findings indicate that generative Al can yield significant benefits for electricity distribution companies. Load forecasting, as seen in the
first case, can be significantly improved with the use of generative Al, enhancing the efficiency of power grid operation and reducing the
likelihood of power outages. The application of generative Al in outage prediction, illustrated the second case, helps not only in efficient
resource allocation but also in reducing downtime and improving customer satisfaction. The third case’s use of generative Al for preventive
maintenance underscores its potential for enhancing system reliability.

However, despite the promising prospects, the adoption of generative Al is not without challenges. Implementing these technologies requires
high-quality, large-scale data sets, significant computational resources, and technical expertise. The issues of data privacy and security also
present significant hurdles. The potential risks and ethical implications of these technologies, such as the generation of misleading or false
information, must be carefully managed (Cath, 2018).

The further development and adoption of generative Al in the electricity distribution sector will also require ongoing collaboration between
Al researchers, electrical engineers, industry professionals, and policymakers. This interdisciplinary effort will be crucial in addressing
technical challenges, understanding the broader implications of Al adoption, and guiding the ethical use of these technologies.

In conclusion, this paper provides a compelling case for the potential of generative Al within electricity distribution companies. While
challenges exist, the benefits of improved accuracy, resource efficiency, and system reliability make a strong case for further exploration and
adoption of these technologies. It is anticipated that as the field of generative Al continues to advance, its impact on the electricity
distribution sector will only grow, presenting exciting opportunities for future research and application.

REFERENCES

Alfares, H. K., & Nazeeruddin, M. (2002). Electric load forecasting: literature survey and classification of methods. International Journal of
Systems Science, 33(1), 23-34.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in Psychology, 3(2), 77-101.

Bengio, Y., Courville, A. C., & Vincent, P. (2012). Unsupervised feature learning and deep learning: A review and new perspectives. CoRR,
abs/1206.5538, 1(2665), 2012.

Cath, C. (2018). Governing artificial intelligence: ethical, legal and technical opportunities and challenges. Philosophical Transactions of the
Royal Society A: Mathematical, Physical and Engineering Sciences, 376(2133), 20180080.

DOI: 10.17261/Pressacademia.2023.1788 210 PressAcademia Procedia



9th Global Business Research Congress (GBRC - 2023), V.17, 208-211 Avci

Guikema, S. D. (2018). Power outage forecasting: Methods, results, and uncertainty. In Safety and Reliability—Safe Societies in a Changing
World (pp. 2811-2816). CRC Press.

DiCicco-Bloom, B., & Crabtree, B. F. (2006). The qualitative research interview. Medical Education, 40(4), 314-321.

Goodfellow, 1., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair, S., ... & Bengio, Y. (2014). Generative Adversarial Networks.
Advances in Neural Information Processing Systems.

Neeraj, Gupta, P., & Tomar, A. (2023). Deep Learning Techniques for Load Forecasting. In Prediction Techniques for Renewable Energy
Generation and Load Demand Forecasting (pp. 177-198). Singapore: Springer Nature Singapore.

Omitaomu, O. A., & Niu, H. (2021). Artificial intelligence techniques in smart grid: A survey. Smart Cities, 4(2), 548-568.

Yin, R. K. (2003). Case Study Research, design and methods, Sage Publications Inc. Thousand Oaks, California.

DOI: 10.17261/Pressacademia.2023.1788 211 PressAcademia Procedia



