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Abstract 

This integrative literature review (ILR) delves deeply into the role of artificial intelligence (AI) in 

enhancing grid stability and managing renewable energy sources in France. The central issue in this 

study is the difficulty in integrating intermittent renewable sources such as wind and solar electricity, 

which impacts the energy grid's stability and efficiency. The review looks into how artificial intelligence 

might improve the prediction and optimization of energy output from these volatile sources, enhancing 

supply- and demand management. It demonstrates AI's potential to improve grid stability, minimize 

waste, and promote sustainable energy practices. The study also cites essential barriers such as data 

protection, infrastructural sufficiency, and the substantial investments required to modernize existing 

systems for AI integration. Based on a thorough examination of existing research, the review underlines 

the need for solid legislative frameworks to support ethical AI deployment in line with France's 

environmental and energy goals. This research paper is critical for policymakers because it provides 

insights into the strategic application of AI to promote a more efficient and resilient energy industry. The 

study's findings and recommendations urge further AI research and practical applications to guide 

France and other nations to a more sustainable and stable energy future. 
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Introduction 

Artificial Intelligence (AI) is revolutionizing energy management and sustainability worldwide. In 

France, which is at the forefront of advocating for a more environmentally sustainable future, AI plays a 

pivotal role in the nation's energy transition efforts. The diverse applications of AI in enhancing France's 

energy infrastructure encompass integrating renewable resources, efficiently managing the power grid, 

and optimizing energy consumption to promote sustainability and resilience [1]. As France aims to 

achieve ambitious environmental targets, AI emerges as an indispensable tool in harmonizing the 

integration of renewables, securing energy supply, and meeting consumer demands [2]. This technology 
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supports France's ecological goals and propels the nation toward a more efficient and sustainable energy 

framework [3]. 

Incorporating renewable energy sources like solar and wind power into France’s national grid presents 

significant challenges due to their unpredictable characteristics. In this context, the predictive 

capabilities of Artificial Intelligence (AI) are invaluable, as they enhance the accuracy of energy output 

forecasts, enabling more effective management of supply and demand [4]. AI models that analyze 

meteorological data and historical production trends are particularly beneficial. They provide precise 

energy production forecasts from intermittent sources, facilitating more reliable and efficient grid 

operations [5]. This application of AI ensures that the integration of renewable energies is both smooth 

and sustainable. Such smoothness and sustainability  support France’s commitment to increasing its use 

of renewable resources while maintaining grid stability [6]. 

As the French energy system evolves to incorporate a more significant proportion of renewable sources, 

the use of artificial intelligence has become a must. AI is increasingly crucial in maintaining grid 

stability and managing the complex flow of energy [7]. Machine learning algorithms are instrumental in 

analyzing patterns and trends that could indicate potential disruptions. Such an analysis enables 

operators to ensure a continuous and stable energy supply proactively [8]. In addition, AI plays a 

significant role in real-time demand response management as it adjusts grid operations dynamically 

based on live data concerning consumer energy usage and peak load demands [9]. By doing so, AI helps 

balance the energy load efficiently, reducing the risk of overloads and ensuring that energy distribution 

is stable and optimized to meet real-time demands. 

AI has transformed how consumers use energy through the deployment of smart meters and home 

automation systems. These technologies leverage AI to analyze individual usage patterns and 

automatically adjust settings to maximize energy efficiency [10]. This adaptation not only helps 

customers reduce their energy bills but also contributes to decreasing the national energy footprint. 

Additionally, these AI-enhanced systems provide valuable insights to energy companies, enabling them 

to tailor energy services more closely to consumer needs [11]. They can also implement dynamic pricing 

strategies that incentivize energy consumption during off-peak hours, further optimizing energy 

distribution and reducing strain on the grid [12]. This intelligent technology integration represents a 

significant step towards more sustainable and consumer-friendly energy management in France. 

However, integrating AI into energy management raises considerable obstacles, including concerns 

about data privacy and security and the significant investments required to modify existing infrastructure 

to accept advanced AI technologies [13]. The inherent complexity of AI algorithms necessitates the 

establishment of robust legal frameworks to ensure these technologies are implemented fairly and 

transparently. For France, it is crucial to develop explicit norms and regulations to facilitate AI's 

successful and secure application within the energy sector [14]. Such an initiative is essential for 

maintaining public trust and ensuring that AI can be leveraged effectively to enhance the nation's energy 

systems without compromising individual rights or the integrity of the infrastructure. 

The deployment of AI in France's energy sector yields significant economic and environmental benefits. 

Economically, AI enhances operational efficiencies and helps reduce costs for both energy providers and 

consumers by optimizing energy distribution and consumption [15]. That leads to more streamlined 

operations and potentially lower energy prices. Environmentally, AI plays a crucial role in advancing 

France's climate objectives by improving the integration and utilization of renewable energy sources, 

which helps reduce greenhouse gas emissions [16]. These contributions are vital for meeting the targets 
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set under the Paris Agreement and achieving France's ambitious national environmental goals. By 

facilitating more efficient energy practices and fostering the adoption of clean energy, AI is instrumental 

in propelling France towards a more sustainable and economically stable future. 

Looking ahead, the potential for AI to transform France's energy sector is vast, offering unprecedented 

efficiency and innovation. As AI technology evolves, it is set to enhance existing energy management 

systems and introduce new, environmentally friendly approaches. These advancements are expected to 

lead to smarter energy grids, improved forecasting accuracy, and more effective integration of renewable 

energy sources, optimizing energy use and reducing waste [17]. France's proactive adoption of AI in its 

energy policies underscores its commitment to leading in sustainable energy and sets a robust example 

for other nations aiming to undergo similar transformations [18]. By leveraging AI, France is on track to 

significantly enhance the reliability and sustainability of its energy infrastructure, positioning itself as a 

global leader in developing and implementing progressive, sustainable energy policies. This leadership 

could profoundly influence and guide other countries as they strive for a more sustainable and AI-

integrated energy future. 

France needs artificial intelligence to meet its environmental and economic objectives while enhancing 

energy security through improved integration of renewable resources, grid management, and energy 

consumption [19]. As AI technologies evolve, their strategic application is poised to play an increasingly 

vital role in the global transition to sustainable energy systems. That involves refining existing practices 

and pioneering new methods for managing energy more intelligently. AI can alter the energy 

environment with significant energy production, distribution, and consumption breakthroughs [20]. 

These developments are well aligned with France's holistic commitment to sustainable development. 

 

Background 

As France strives to overhaul its traditional energy infrastructure, AI and energy management are 

quickly merging. With solid ambitions to cut carbon emissions by 2050, France is using artificial 

intelligence to improve the efficiency and integration of renewable resources such as wind, solar, and 

hydroelectric power into its national grid [21; 22]. AI capabilities are critical for regulating the 

variability and intermittency of different energy sources, enhancing grid stability, and enabling more 

intelligent energy distribution strategies. AI algorithms can accurately predict energy production and 

consumption trends, enabling improved demand response management and reducing the need for fossil 

fuel-based backup power [23]. Besides, AI-driven predictive maintenance for renewable energy 

infrastructure helps to reduce downtime and improve overall system reliability. By adopting AI, France 

is increasing the operational efficiency of its energy systems and paving the way for a more resilient and 

sustainable energy future [24]. 

Empirical research and theoretical breakthroughs in AI technology demonstrate its potential to transform 

the French energy sector by enabling more precise energy management and improved predictive 

analytics [25]. Such AI capabilities enhance forecasting and integration of renewable energy sources, 

significantly reducing reliance on nuclear power, which currently dominates the country's energy 

landscape. Integrating AI into energy management promotes the efficient use of renewable resources and 

contributes to the overarching objective of reducing greenhouse gas emissions and enhancing 

environmental sustainability [15]. AI-driven analytics provide accurate projections of energy production 

and consumption, improving the ability to manage supply and demand while seamlessly incorporating 

renewable sources [26]. This strategic pivot is crucial as France seeks to diversify its energy mix and 
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adopt more sustainable practices in response to global environmental challenges. By leveraging AI, 

France can effectively manage renewable energy integration challenges, resulting in a more resilient and 

adaptive energy infrastructure that aligns with its commitment to global climate initiatives. 

Using AI in energy management is becoming increasingly important in business and industry. AI-

powered systems optimize energy flows in smart grids, which are critical for handling the rising input 

from renewable sources [11]. These technologies enable real-time monitoring and adjustments, resulting 

in more efficient energy distribution and reduced waste. Furthermore, AI enhances the resilience of 

energy infrastructure by predicting and responding to potential disruptions caused by climate-induced 

extreme weather events [27]. By providing advanced warnings and enabling proactive measures, AI 

contributes to grid stability and supply continuity, thus promoting operational efficiency and long-term 

sustainability in the energy sector [28]. This dual capability makes AI an invaluable tool for modern 

energy management, addressing current operational needs and future environmental challenges. 

Rather than relying on old energy systems, France is investing in AI to pioneer new methods of energy 

management that are both environmentally friendly and economically viable [1]. Incorporating AI 

enables a more flexible energy system capable of adapting to the oscillations inherent in renewable 

energy resources. AI technologies facilitate real-time adjustments to energy production and delivery, 

ensuring supply meets demand even as renewable output fluctuates [2]. This adaptability supports 

France's national aim for a clean and secure energy future by enhancing the efficiency and reliability of 

its electricity grid. AI-driven solutions optimize resource utilization, reduce costs, and contribute to the 

broader goals of lowering carbon emissions and promoting energy independence [29]. By embracing AI, 

France sets the standard for developing robust and forward-thinking energy management solutions that 

align with global environmental objectives. 

More literature is needed on how AI can be efficiently scaled across the national grid to tackle the 

complexities of renewable energy integration while maintaining system stability [3]. While AI has 

significant advantages, the practical constraints of adopting such advanced technologies across a 

national infrastructure necessitate careful consideration of technological, economic, and legal factors. 

Effective AI scaling requires addressing challenges such as data integration from multiple sources, the 

robustness of AI algorithms in real-time operations, and the economic feasibility of large-scale 

deployment [30]. Additionally, legal frameworks must be established to ensure that AI applications 

comply with data privacy, cybersecurity, and system interoperability standards. Understanding and 

overcoming these issues is essential for reaching AI's full potential in improving the efficiency and 

reliability of France's electrical infrastructure, promoting a sustainable energy transition [31]. The 

problem is that France's energy sector faces challenges in integrating intermittent renewable energy 

sources, which impacts grid stability and energy distribution efficiency. 

Given the enormous implications of AI for energy management, France's proactive approach can serve 

as a model for other governments. It highlights how AI can be strategically used to improve energy 

system operations while simultaneously supporting broader environmental and sustainability goals, thus 

creating a precedent for global energy regulations [32]. By efficiently integrating AI, France 

demonstrates how technology can lead to significant advances in energy efficiency, grid stability, and 

renewable energy integration. This strategy aligns with global climate initiatives and underscores the 

necessity of innovative solutions to complex energy challenges. The purpose is to illustrate how AI-

driven strategies can be implemented to achieve a more sustainable and resilient energy future, inspiring 

other countries to adopt similar practices and policies. 
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The significance of this study lies in its ability to offer insights into how AI can transform an entire 

national energy system. It emphasizes the benefits of artificial intelligence in improving energy 

efficiency, promoting renewable energy use, and enhancing grid management, all of which are critical 

for reducing greenhouse gas emissions and achieving energy sustainability. This study lays the 

groundwork for integrating modern technologies into national infrastructure by demonstrating AI's 

practical applications and advantages in the energy sector. The findings can help policymakers, energy 

providers, and stakeholders understand best practices for using AI to build a more resilient, efficient, and 

environmentally friendly energy system. Ultimately, this study highlights the potential for AI to drive 

significant progress toward global energy sustainability targets. More research is needed to understand 

how AI can fully integrate into the national energy strategy and its long-term benefits. 

AI's role is to provide immediate benefits and prepare the energy system for future challenges. As AI 

technologies advance, they are projected to drive even greater efficiencies and breakthroughs in energy 

management. However, further research is needed to understand better how AI can be fully incorporated 

into the national energy policy and its long-term advantages [22]. More research is critical for unlocking 

AI's full potential to meet future energy demands, optimize resource utilization, and ensure energy 

system resilience. The rapidly evolving field of AI applications offers tremendous advancements, but 

comprehending the complexities of these technologies and their impact on national infrastructure 

necessitates extensive and continuous research [12]. There is a need for researchers to conduct more 

investigations on the French AI-powered energy transition to explore how AI can fully integrate into the 

national energy strategy and its long-term benefits. 

To reach some resolution on this topic, this research explores various AI applications in the energy 

sector, assesses their impact on system performance, and proposes recommendations for enhancing 

France's energy policies. The research question guiding this study is: How can Artificial Intelligence 

enhance the management and integration of renewable energy sources in France's energy sector? 

By addressing this question, the study aims to identify practical and strategic ways AI can be leveraged 

to improve France's energy infrastructure's efficiency, reliability, and sustainability, ultimately 

contributing to the country's environmental and energy goals. 

 

Theoretical/Conceptual Framework 

This integrative literature review examines the adoption of artificial intelligence (AI) in France's energy 

sector, organized around three core concepts: AI, renewable energy integration, and sustainability 

transition. The French energy industry leverages these concepts to enhance grid stability, increase 

energy efficiency, and accelerate the transition to a sustainable energy future [1]. AI helps solve energy 

management problems quickly and efficiently using predictive analytics, real-time monitoring, and 

adaptive grid management [13]. Predictive analytics can significantly improve the energy industry by 

projecting energy production and consumption trends, allowing for better demand response management 

[33]. Real-time monitoring enabled by AI has demonstrated significant benefits in enhancing the 

reliability of renewable energy sources and minimizing system downtime through predictive 

maintenance [23]. 

Artificial intelligence (AI) can significantly benefit the energy sector, particularly in energy distribution 

optimization, predictive maintenance, and demand response management [9]. AI is crucial for 

addressing energy management difficulties because it provides the analytical capabilities and real-time 

processing required for smart grid operations [27]. AI has proven extremely useful in addressing 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240322279 Volume 6, Issue 3, May-June 2024 6 

 

complicated energy issues such as incorporating renewable energy sources into the grid, projecting 

energy demand and production trends, and predicting probable system faults [16]. By embracing AI, 

France's energy sector can improve efficiency, dependability, and sustainability in its operations. 

However, France's corporate leaders and energy authorities have to fully appreciate the benefits of using 

artificial intelligence (AI) to improve grid management and promote sustainable energy practices [23]. 

Many French energy executives and politicians are unaware of the full potential of AI technology, 

creating a significant knowledge gap [24]. This gap prevents the most effective use of AI to improve 

energy efficiency, dependability, and sustainability in the national grid. Bridging this knowledge gap 

through focused education, training, and awareness campaigns is critical to realizing AI's benefits. 

Bridging this gap is critical for France to fully realize AI's disruptive potential in the energy sector, 

ensuring a stable and efficient transition to sustainable energy policies. Recognizing the need to address 

the AI expertise gap in national grid energy savings, reliability, and resilience is gaining traction in 

France, where academics must use the principles of Complex Adaptive Systems (CAS) Theory and 

Sustainability Transition Theory [19]. These theories provide a foundation for understanding how AI can 

dynamically optimize energy flows, preserve grid stability amidst unpredictable renewable inputs, and 

accelerate the transition to a more sustainable energy system [34] . 

The study's conceptual framework is inspired by the growing importance of AI technologies, which have 

the potential to transform energy management, improve grid stability, and promote sustainable practices. 

AI can increase grid efficiency, cost-effectiveness, and dependability by leveraging data-driven insights, 

automating responses to fluctuations, and enabling informed decision-making [35]. AI allows energy 

providers to manage resources better, optimize energy flows, forecast maintenance requirements, and 

ensure a consistent energy supply even with unpredictable renewable inputs [36]. Incorporating AI 

approaches into energy management enables the creation of a more flexible and robust grid, providing a 

competitive edge in the global push for sustainable energy solutions [1]. This study highlights the 

importance of bridging the current knowledge gap by providing insights and information about AI's 

practical applications and benefits in France's energy sector, thus facilitating the country's transition to a 

more sustainable and efficient energy system. 

The study's theoretical framework is based on Complex Adaptive Systems (CAS) Theory and 

Sustainability Transition Theory, which will be used to investigate the factors impacting the integration 

and deployment of AI technologies in France's energy industry. CAS Theory is a valuable resource for 

researchers and practitioners in energy management and sustainability studies. Complex Adaptive 

Systems Theory supports developing and implementing measures to improve the energy grid's 

adaptability and resilience by identifying critical interactions and emergent behaviors within the energy 

system [34]. This allows for practical solutions to regulate oscillations and include renewable energy 

sources. Sustainability Transition Theory is widely acknowledged as a comprehensive framework for 

socio-technical systems and sustainability research. Its primary goal is to understand how significant 

transitions toward sustainable behaviors occur, emphasizing innovation, policy, and societal change 

[37]. Scholars and professionals select between CAS and Sustainability Transition Theory based on the 

study's complexity and factors. CAS Theory provides insights into operational dynamics and adaptive 

capacities, while Sustainability Transition Theory offers a broader view of the systemic changes needed 

to achieve sustainable energy goals [38]. Together, these theories provide a solid foundation for 

understanding the integration and application of AI in modernizing France's energy sector. 
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More literature is needed regarding the implementation of artificial intelligence (AI) technology in the 

French energy sector [25]. Despite AI's growing global importance in revolutionizing energy 

management and advancing sustainability, research into its application in France's energy sector remains 

limited. This research gap prevents a thorough understanding of the challenges and opportunities the 

energy industry faces when integrating AI technologies. Addressing this knowledge gap is critical 

because it educates policymakers, energy providers, and researchers about the issues facing AI 

integration in France [32]. It has the potential to facilitate the development of targeted initiatives to 

encourage wider adoption of AI technology, thereby boosting grid stability, increasing energy 

efficiency, and developing sustainable energy practices in France's energy industry. To fully realize the 

benefits of these technologies, it is critical to close the knowledge gap in AI applications in France's 

energy sector [19]. This would allow for better-informed decision-making and stimulate innovations that 

could alter energy management and sustainability practices. 

In terms of suggested future studies that focus on a more profound knowledge of the circumstances 

surrounding AI adoption in the energy industry, this paper aims to provide significant insights for 

academics exploring the obstacles and promise of AI integration in France's energy systems. It also aims 

to inform policymakers about viable techniques for improving energy efficiency, stability, and 

sustainability using AI technologies. As France advances in its technological journey, researchers, 

policymakers, and energy sector executives should work together to determine the best course of action 

and ensure that the country fully utilizes AI for a sustainable and resilient energy future [39]. Such an 

effort is necessary for various reasons, including combining interdisciplinary views and solving 

multidimensional difficulties. Accordingly, more research is needed to evaluate the potential of AI for 

boosting renewable energy integration, tackling grid stability challenges, and employing emerging AI 

technologies to increase the resilience and efficiency of France's energy infrastructure. 

 

Research Method and Design 

An integrative literature review (ILR) combines theoretical and empirical literature to understand better 

a given phenomenon or issue [40]. It is a comprehensive research strategy involving synthesizing, 

assessing, and critically evaluating current knowledge on a specific study topic from various academic 

sources [41]. The aim is to thoroughly understand the topic by combining findings from multiple studies, 

theories, and perspectives, laying the groundwork for a conceptual framework and guiding future 

research questions [42]. An ILR incorporates peer-reviewed articles, books, conference papers, reports, 

grey literature, and trustworthy online publications, which contribute to developing concepts relevant to 

field policies and practices [43]. The primary goal is to identify patterns and themes and compare 

perspectives to fully comprehend the research issue. This comprehensive analysis assesses the quality of 

studies, methodologies used, and research rigor, highlighting gaps and areas needing further 

investigation to provide significant insights for future research directions. Above all, An ILR creates a 

coherent and relevant narrative that clearly defines the present research landscape and methodically 

combines multiple perspectives and findings, providing a thorough grasp of the topic's depth and breadth 

[44]. 

Researchers approach literature review issues by identifying evolving research interests, detecting 

ongoing changes due to significant field advancements, and exploring new research avenues [45]. They 

emphasize the importance of engaging in upcoming developments and evaluating future orientations, 

recognizing the enhanced value of educating stakeholders. They also prioritize a well-structured data 
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collection phase consistent with the study's goal, employing a methodological framework to ensure rigor 

and objectivity. Comprehensive, integrated literature reviews that consider policy, future practice, 

development consequences, and specific sample requirements for representativeness are crucial [46]. 

Such integrative literature reviews can stimulate dialogue, inform decision-making, and inspire further 

research and development in the field [40]. Yet, they underscore the importance of using detailed 

academic search engines such as Google Scholar to identify relevant papers and consider various sources 

to gain a holistic understanding of the topic. 

An ILR technique allows for a comprehensive review of existing research by combining viewpoints and 

findings from various sources, including academic articles, reports, case studies, and industry 

publications [47]. Because of its comprehensive and scientific approach to literature synthesis, the ILR 

method is appropriate for studying the use of AI technology in France's energy industry. A literature 

review on a specific issue provides an excellent opportunity to discover factors contributing to its 

emergence and development [48]. Since AI in energy management is interdisciplinary, the ILR method 

enables understanding its implementation by integrating knowledge from technology, engineering, 

environmental science, and economics [28]. This study aims to explain the current state of AI 

deployment in France's energy sector, identify patterns, challenges, and opportunities related to 

deploying these technologies, and provide a comprehensive analysis. 

This study seeks to answer the primary research question of how artificial intelligence may benefit 

France's energy sector regarding renewable energy management and integration. This ILR will likely 

uncover common themes, trends, and knowledge gaps through systematic analysis and synthesis of 

existing material, which is crucial for answering the research question and advancing our understanding 

of AI adoption in the French energy sector. In fact, this integrative approach combines different 

hypotheses and pieces of evidence to achieve a more complete picture of the issue. The guiding question 

will inform the study's criteria, considering relevant participants, interventions, and outcomes. Also, the 

ILR technique is well-suited to this research since it contributes to developing a solid theoretical and 

conceptual framework, drawing on prior studies' theoretical approaches, models, and frameworks to 

guide future research and improve analytical rigor. 

This paper on adopting AI technology in France's energy sector uses a rigorous and comprehensive 

approach to gathering relevant and diverse sources through an integrated literature review. The latter is a 

methodological framework that consists of five stages: 1) problem formulation, 2) data collection, 3) 

data evaluation, 4) data analysis and interpretation, and 5) outcomes presentation [49]. I began this ILR 

by defining the study's objectives, scope, and topic, which was the integration of AI in various aspects of 

France's energy sector, to identify significant concerns and challenges. Following that, I identified vital 

terms, keywords, and phrases related to the research topic, such as "Artificial Intelligence," "Renewable 

Energy," "France," "energy sector," and variations thereof, to begin data collection. A comprehensive 

search string combined the discovered keywords and phrases with logical operators like AND and OR. 

Then, I identified and chose relevant academic databases, journals, digital libraries, and repositories for 

the literature search. Using a well-formulated data collection strategy, such as alignment with the study's 

goal and key research question, significantly improves the collection of consistent information from all 

sources [50]. 

I used the search phrases to examine numerous articles, conference papers, reports, and academic 

publications, systematically examining their titles and abstracts against predefined inclusion and 

exclusion criteria. I also evaluated and aggregated the content of the selected articles, gathering critical 
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information about AI use in France's energy sector and organizing the findings by themes, methodology, 

critical insights, challenges, and opportunities. I next researched and interpreted data on the use of 

artificial intelligence in France's energy sector to discover patterns, insights, and implications for 

informed decision-making and technological advancement. As the final stage culminates in a thorough 

understanding of a specific topic [50], I concluded this ILR by reviewing the use of AI technologies in 

France's energy sector to present a comprehensive picture of the current landscape, problems, 

possibilities, and potential future trajectories in this transformational technology domain. Furthermore, I 

conducted a backward and forward citation search to find additional relevant sources and meticulously 

documented the literature search process to ensure the review's rigor and reproducibility. 

Discrepancies between the gathered research and the intended population can compromise the validity of 

the findings. Such an issue can be addressed using the following tactics were used: 1) implementing an 

exhaustive data-gathering strategy; 2) providing detailed information about the gathered data, including 

sources, years, and keywords; and 3) highlighting issues linked to selection bias [50;51]. This study used 

a range of library databases and search engines, including Google Scholar, IEEE Xplore, ACM Digital 

Library, PubMed, Web of Science, and Scopus. Google Scholar is one of the most extensive academic 

search engines and valuable tools for accessing academic literature as it indexes content from various 

sources, including academic publishers, institutional repositories, and websites hosting scholarly 

materials [52]. Since Google Scholar is a prominent academic literature search engine, I used it to 

determine which papers are more likely to be read and cited. My search strategy involved combining key 

terms like ("Artificial Intelligence" OR "AI") AND "France" AND ("energy sector" OR "renewable 

energy"). It proceeded with identifying foundational publications and common themes, additional 

specific searches using refined terms were conducted in specialized databases such as IEEE Xplore and 

ACM Digital Library, focusing on AI adoption in France's energy sector. 

With the scarcity of new research, dissertations, or conference papers, I did my best to use the available 

literature. I sifted through peer-reviewed journal articles, books, and credible online sources to find 

relevant information, insights, and theories concerning my study topic. The Integrative Literature 

Review approach was chosen for this study, as it can incorporate diverse resources from various sources, 

resulting in a comprehensive synthesis that improves comprehension of the topic [53]. This allowed for 

the incorporation of knowledge from various fields, including technology, engineering, environmental 

science, and economics. The ILR methodology used by this paper ensures a thorough grasp of the 

problem by revealing patterns, trends, and gaps in previous research, making it appropriate for this 

study's complex assessment of AI use in France's energy sector. 

Tables 1, 2, and 3 summarize and rank the selected articles based on the number of citations, 

demonstrating the weight (by rank) readers can assign to the arguments presented in the existing 

literature on adopting Artificial Intelligence technology in France's energy industry. These tables provide 

a clear summary of the most influential studies, helping to highlight the key contributions and 

prominence of different research findings in the academic debate on AI integration and renewable 

energy management in France. 
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Table 1: Representative Literature on Adopting AI Technologies in France's Energy Sector 

Selected for Review 

Rank Title Year Author(s) 
Type of 

Document 

Citation

s 

1 

Artificial intelligence in sustainable 

energy industry: Status Quo, 

challenges and opportunities 

2021 

Ahmad, Zhang, H

uang, Zhang, Dai, 

Song, & Chen 

 

Article 571 

2 

Impact of renewable energy 

utilization and artificial intelligence 

in achieving sustainable development 

goals 

2021 

Hannan, Al-

Shetwi, Jern Ker, 

Begum, Mansor, 

Rahman, Dong, 

Tiong, Indra 

Mahlia, & 

Muttaqi 

Article 90 

3 

Artificial intelligence and machine 

learning in energy systems: A 

bibliographic perspective 

2023 

Entezari, 

Aslani, Zahedi, & 

Noorollahi 

Article 85 

4 

Trends in AI inference energy 

consumption: Beyond the 

performance-vs-parameter laws of 

deep learning 

2023 

Desislavov, 

Martínez-Plumed, 

& Hernández-

Orallo 

Article 61 

5 Energy transition in France  2022 

Lebrouhi, 

Schall, Lamrani, 

Chaibi, & 

Kousksou 

Article 23 

6 

Applications of Artificial 

Intelligence Algorithms in the 

Energy Sector 

2022 
Szczepaniuk & Sz

czepaniuk 
Article 22 

7 

Data science in energy consumption 

analysis: a review of AI techniques 

in identifying patterns and efficiency 

opportunities 

2023 

Ohalete, 

Aderibigbe, Ani, 

Ohenhen, & 

Akinoso 

 

Article 22 

8 

Enhancing energy efficiency with ai: 

a review of machine learning models 

in electricity demand forecasting 

2023 

Aderibigbe, Ani,  
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Findings 

AI for Renewable Energy Integration and Management 

The integration and control of renewable energy sources in France's national grid present major hurdles 

due to their inherent fluctuation and unpredictability [6]. AI technologies, particularly those utilizing 

advanced predictive analytics and machine learning algorithms, have emerged as critical tools for 

addressing these challenges [1]. However, AI's efficiency in this area comes with hurdles and 

limitations, including AI models' ability to reliably anticipate energy production from renewable sources 

such as wind and solar power [4]. These models rely heavily on historical data and real-time 

meteorological information, which can sometimes be inaccurate or incomplete, leading to less reliable 

predictions [13]. Additionally, research into the adaptability of these AI systems to new and unexpected 

patterns in energy production and consumption is ongoing. While AI holds great promise for improving 

the accuracy of energy estimates, the robustness of these models in real-world conditions is still under 

investigation [28]. 

Moreover, the adoption of AI in French energy management requires significant infrastructure 

investments and legislative changes. The current infrastructure of many energy grids may be inadequate 

for the seamless integration of AI technology, necessitating substantial upgrades to handle real-time data 

processing and advanced computational capabilities [22]. This can be a financial burden for energy 

companies, requiring careful planning and coordination. Furthermore, legal frameworks must evolve to 

address the ethical and security implications of deploying AI in critical national infrastructure. Issues 

https://www.ijfmr.com/
https://www.sciencedirect.com/science/article/pii/S2352484721014037
https://www.sciencedirect.com/science/article/pii/S2352484721014037
https://www.sciencedirect.com/science/article/pii/S2352484721014037
https://scholar.google.com/citations?user=3JLrhWoAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=xpzP0pcAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=Fg_ZSeEAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=YBII05sAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=YBII05sAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=BM4pmLIAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=NRNZiSIAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=NRNZiSIAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=79yVU88AAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=79yVU88AAAAJ&hl=fr&oi=sra
https://www.mdpi.com/1996-1073/16/1/347
https://www.mdpi.com/1996-1073/16/1/347
https://www.mdpi.com/1996-1073/16/1/347
https://scholar.google.com/citations?user=iYY6Bu8AAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=iYY6Bu8AAAAJ&hl=fr&oi=sra
https://link.springer.com/article/10.1007/s10462-023-10441-3
https://link.springer.com/article/10.1007/s10462-023-10441-3
https://scholar.google.com/citations?user=2nlJCvkAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=RCSbvNsAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=RCSbvNsAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=uCON00EAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=QEin2rAAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=-cOE0hUAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=9JZE_UFBJMkC&hl=fr&oi=sra
https://scholar.google.com/citations?user=9JZE_UFBJMkC&hl=fr&oi=sra
https://link.springer.com/article/10.1007/s40684-023-00537-0
https://link.springer.com/article/10.1007/s40684-023-00537-0
https://link.springer.com/article/10.1007/s40684-023-00537-0
https://link.springer.com/article/10.1007/s40684-023-00537-0
https://scholar.google.com/citations?user=CC_tgSMAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=UgoDbyYAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=I3b9KTcAAAAJ&hl=fr&oi=sra


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240322279 Volume 6, Issue 3, May-June 2024 13 

 

such as data privacy, cybersecurity, and the transparency of AI decision-making processes should be 

thoroughly addressed to build public trust and ensure the safe and effective use of AI in energy 

management [36]. Despite these challenges, the potential benefits of AI in optimizing renewable energy 

integration and enhancing grid stability make it a crucial area for continued investment and 

development. 

The present literature emphasizes the necessity of applying AI technology to renewable energy 

management, providing a game-changing approach that blends data-driven insights with powerful 

computational skills to optimize energy systems [29]. AI's ability to analyze massive volumes of data 

from various sources, such as weather forecasts, historical energy production data, and real-time grid 

conditions, enables more accurate predictions and efficient management of energy flows [27]. 

Integrating AI in energy management enhances grid stability, as AI can predict fluctuations in energy 

supply and demand, allowing for preemptive adjustments to keep the system balanced. Furthermore, AI-

powered solutions facilitate the dynamic distribution of resources, ensuring that energy is dispersed 

efficiently and reducing reliance on fossil fuel backup power [24]. By employing AI, France can 

improve the reliability and sustainability of its electricity grid, aligning with its environmental goals and 

commitments to reduce greenhouse gas emissions. 

In addition to operational benefits, the use of AI in renewable energy management aligns with broader 

strategic goals for energy sustainability. AI technology can detect patterns and trends that guide long-

term planning and policymaking, offering significant insights into renewable energy adoption and 

overall system resilience [23]. This capability is crucial in climate change, enabling energy systems to 

adapt to changing conditions and emerging challenges. AI integration also fosters innovation in energy 

management methods, such as developing new business models and technological solutions that enhance 

renewable energy efficiency and effectiveness [17]. By leveraging AI capabilities for the needs of the 

energy sector, France has the potential to serve as a global model for how modern technology can hasten 

the shift towards a sustainable energy future. By tackling immediate operational challenges, the country 

not only addresses current needs but also enhances the long-term viability and resilience of its energy 

infrastructure. 

An integrated approach combining AI and traditional methods is vital to address challenges such as AI 

prediction accuracy, infrastructure constraints, and ethical and security issues in the French energy 

sector [1]. Merging AI with conventional modeling enhances forecast precision by leveraging the 

strengths of both systems for more robust energy management predictions [12]. Besides, deploying edge 

computing can alleviate infrastructure bottlenecks by processing data locally, reducing latency and 

system load, thus facilitating efficient energy management. Implementing blockchain technology 

addresses ethical and security concerns by providing a transparent, immutable, and secure environment 

for data transactions, enhancing stakeholder trust. Also, interpretable AI systems can mitigate ethical 

concerns by clarifying AI decision processes, promoting broader acceptance. In this way, existing 

challenges are tackled and the energy sector is driven toward a more sustainable and efficient future. 

 

Enhancing Grid Stability and Resilience with AI 

The application of Artificial Intelligence (AI) to enhance grid stability and resilience is a promising but 

complex endeavor. AI technologies, particularly machine learning and predictive analytics, offer 

advanced capabilities for monitoring and regulating the energy grid, enabling real-time responses to 

supply and demand fluctuations [35]. However, the practical application of these technologies faces 
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significant challenges, and one crucial concern is the quality and availability of data. AI systems demand 

large datasets to efficiently train algorithms, yet data from existing grid infrastructures is often 

inadequate, outdated, or inconsistent [33]. This data scarcity can undermine the quality and reliability of 

AI predictions, potentially leading to suboptimal decisions and grid instability. 

Furthermore, incorporating AI into the current grid system requires major technological modifications 

and investments [15]. This integration necessitates financial resources and significant changes to 

infrastructure and operating norms. Furthermore, cybersecurity carries inherent hazards. Many grid 

systems lack the necessary computational power or real-time data processing capabilities required for 

advanced AI applications. As the grid becomes increasingly interconnected and reliant on AI, it also gets 

more susceptible to cyberattacks [54]. Hence, providing robust cybersecurity safeguards is essential to 

secure sensitive data and protect vital infrastructure. Legislative and policy frameworks must change to 

support the deployment of AI technologies, ensuring that they are done safely, transparently, and 

ethically [5]. 

AI technologies have the potential to significantly improve the stability and resilience of energy 

networks through predictive analytics and real-time monitoring [55]. These capabilities enable grid 

operators to better anticipate and respond to fluctuations in energy supply and demand, lowering the risk 

of outages and ensuring a stable power supply. AI can process massive volumes of data from a variety of 

sources, including weather patterns and energy usage trends, to forecast future disruptions and adopt 

precautionary actions [56]. This flexibility is beneficial for integrating renewable energy sources like 

solar and wind, whose output varies considerably depending on weather and time of day, demanding 

flexible and adaptive energy management systems. AI contributes to grid stability by modifying energy 

flows and load balancing in real-time, even as renewable energy inputs grow [7]. 

Moreover, AI improves the energy grid's long-term resilience by facilitating predictive maintenance and 

spotting possible flaws and inefficiencies before they become major issues [57]. This proactive strategy 

reduces downtime and increases the lifespan of grid components, resulting in cost savings and improved 

reliability. AI-powered grid management aligns with strategic goals for building a more sustainable and 

resilient energy system by offering data-driven insights and optimizing resource allocation to enable 

better energy policy formulation and implementation [32]. This dual benefit of immediate operational 

efficiency and long-term resilience emphasizes the importance of AI in modern energy management. To 

realize their full potential, AI technologies will require continued investment and the establishment of 

supportive regulatory frameworks. France will then be a leader in creating a stable, robust, and 

sustainable energy system that fulfills both present and future demands. 

A comprehensive approach is required to address issues such as data quality and availability, technology 

restrictions, cybersecurity concerns, and regulatory and policy adaptation in the energy sector. 

Integrating Large Language Models (LLMs) with IoT devices and smart sensors modernizes data 

processing methods, ensuring the creation of consistent and complete datasets in real-time. This 

integration improves the accuracy of AI forecasts. Edge computing addresses technological limits by 

bringing real-time data processing closer to the source, reducing latency and central system demands. 

Using quantum computing can dramatically improve the processing power available for complex energy 

computations. This enhanced computational power allows for more precise and efficient management of 

energy systems, particularly in distributing and storing renewable energy. Regularly updating security 

protocols is crucial for protecting against cybersecurity dangers and preserving sensitive data and critical 

infrastructure with robust frameworks [31]. Developing flexible and supportive legislative frameworks 
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in conjunction with policymakers ensures that AI technologies are used safely, transparently, and 

ethically, supporting innovation while protecting public trust and security [58]. Thus, present concerns 

are addressed while paving the road for a more robust and sustainable energy future. 

 

Strategic Use of AI for Sustainable Energy Policy Development 

The strategic use of artificial intelligence in designing sustainable energy policies poses both enormous 

opportunities and crucial obstacles. AI provides solid tools for modeling and simulating different energy 

scenarios, allowing policymakers to make more informed decisions [12]. These AI-powered simulations 

can predict the long-term effects of various energy methods, assisting in identifying the most effective 

pathways to achieving sustainability goals. However, these models' accuracy and reliability strongly 

depend on the data quality and assumptions made. Inaccurate data or erroneous assumptions can result in 

misdirected policies that fail to achieve the desired results [30]. Over-reliance on AI may eclipse the 

need for human expertise and oversight, leading to policies that lack a thorough understanding of the 

socioeconomic and political intricacies involved in energy transition. 

Furthermore, the strategic use of AI in policy formulation requires a robust regulatory framework to 

assure ethical norms and public accountability. There are serious ethical concerns, such as data privacy, 

algorithmic transparency, and the potential for AI to perpetuate or exacerbate existing injustices [59]. 

Policymakers should manage these obstacles to increase public trust and ensure that AI applications are 

consistent with social ideals. Incorporating AI into policy development involves significant investments 

in infrastructure, education, and training [4]. Policymakers and energy sector stakeholders must have the 

requisite skills to use AI tools effectively. By addressing these essential concerns, the strategic 

application of AI in sustainable energy policy creation may stay within its full potential, resulting in 

suboptimal or even adverse effects. 

The extant literature highlights that the strategic integration of artificial intelligence into sustainable 

energy policy development represents a game-changing strategy for achieving France's ambitious 

environmental targets [24]. AI's capacity to scan large datasets and build prediction models provides 

crucial insights that help shape smart energy strategies. By simulating alternative energy scenarios, AI 

assists policymakers in determining the probable outcomes of various methods, such as boosting 

renewable energy capacity or improving energy efficiency [22]. This data-driven approach improves the 

precision and efficacy of policy decisions by ensuring they are founded on strong evidence and aligned 

with long-term sustainability goals. AI can anticipate developing patterns and potential disruptions in the 

energy industry, allowing for preemptive policy changes and building a more adaptable and robust 

energy framework [29]. 

Furthermore, the strategic application of AI facilitates the formulation of integrated and cohesive energy 

policies that address multiple elements of sustainability, such as environmental, economic, and social 

concerns [16]. AI-powered analyses reveal the linkages between various energy policies and their 

broader implications, allowing for a more comprehensive approach to energy planning. This holistic 

approach is critical for establishing a balanced and equitable energy transition that optimizes benefits 

while reducing negative consequences. AI also helps to monitor and evaluate the implementation of 

energy policy, offering real-time feedback and identifying areas for improvement [2]. By continuously 

revising policies based on AI-driven findings, France can ensure that its energy initiatives are effective 

and adaptable to changing situations [32]. This forward-thinking strategy not only enhances the 
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efficiency and efficacy of policy decisions but also strengthens France's global leadership in 

sustainability efforts. 

A holistic strategy is required to address challenges such as over-reliance on AI and the need for skill 

and infrastructure investment. Integrating human expertise ensures that AI-driven decisions are 

contextualized with socioeconomic and political insights, avoiding sole reliance on automated 

technologies. Education and training programs are critical for equipping policymakers and energy sector 

experts with the necessary skills to effectively use AI technologies, enhancing their technical proficiency 

and understanding of AI's capabilities and limitations [39]. Infrastructure development is another 

essential component, requiring significant investments to update energy grids and data management 

systems to support sophisticated AI applications [14]. This development ensures that physical and digital 

foundations are robust enough to meet the demands of AI-driven processes. Additionally, fostering 

collaborative approaches to implementing AI in the French energy sector is critical for promoting 

innovation and guaranteeing the successful integration of modern technology. That involves encouraging 

partnerships among AI developers, legislators, industry experts, and academic institutions to build a 

comprehensive ecosystem where information and resources are shared [60]. Such cooperation can lead 

to more innovative solutions and balanced decision-making processes. Together, these measures provide 

a comprehensive plan to address the difficulties posed by over-reliance on AI and the need for 

significant investments in skills and infrastructure, resulting in a sustainable and resilient energy future. 

 

Critique of the Extant Literature to Identify the Future of Practice and Policy 

The issue statement highlights the challenges of integrating AI into France's energy sector to enhance 

grid stability, optimize renewable energy use, and improve overall energy management. The study 

evaluates AI's current applications and future potential by employing a mixed-methods approach that 

combines qualitative and quantitative assessments. It finds that AI significantly increases predictive 

accuracy and operational efficiency but also faces challenges like poor data quality, infrastructural 

deficiencies, and cybersecurity threats. The study's limitations include its dependence on existing data 

and the dynamic nature of AI technology. Overcoming these limitations requires ongoing research and 

adaptation to AI advancements, ensuring effective and sustainable integration into the energy sector. By 

leveraging the comprehensive insights a mixed-methods approach provides, the study offers essential 

guidance for policymakers and industry leaders, helping them navigate the complex AI landscape in 

energy management. This foundation underscores the necessity of continuous innovation and 

development, which are crucial for overcoming AI integration challenges and for more resilient and 

efficient energy systems that can adapt to future demands and technological progress. 

A literature review indicates that AI technologies, especially machine learning and predictive analytics, 

are essential for managing the variability of renewable energy sources and enhancing grid stability [54]. 

Existing studies highlight the need for significant investments in upgrading data collection systems and 

infrastructure to support AI implementations. Despite the potential benefits, the real-world application of 

AI faces numerous challenges, such as data quality issues, constraints in existing infrastructure, and 

various ethical concerns, all of which may hinder its efficient deployment and utilization [5]. 

Additionally, there is a growing focus on establishing robust legislative frameworks to address data 

privacy and cybersecurity issues, ensuring AI's safe and effective deployment [26]. These investments 

and regulatory adjustments are crucial for leveraging the full potential of AI to create a reliable and 

sustainable energy infrastructure. Moreover, addressing ethical issues through transparent norms and 
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openness in AI operations is vital for boosting public trust and fostering wider acceptance and use of 

these advanced technologies [61]. 

To address the challenges of incorporating AI into energy management, a proposed conceptual 

framework emphasizes combining large language models (LLMs) with traditional methodologies. This 

hybrid approach capitalizes on AI's enhanced predictive abilities to deliver more accurate forecasts while 

retaining the dependability of conventional models. Introducing edge computing helps mitigate 

infrastructure limitations by processing data locally, reducing latency, and boosting overall system 

efficiency. Using Blockchain technology addresses ethical and security concerns by creating a 

transparent and secure framework for data transactions, crucial for safeguarding the integrity and 

confidentiality of sensitive information. Developing interpretable AI systems enhances transparency in 

decision-making processes, which is essential for building public trust and encouraging widespread 

adoption. Such endeavors ensure a balanced and robust energy management system that can adapt to 

technological advancements while addressing AI integration's practical, ethical, and security challenges. 

By integrating these technologies, the energy sector can enhance efficiency, reliability, and 

sustainability, leading to a more resilient and secure energy infrastructure. 

Pending improvements in AI technology and energy management are signaling a shift towards more 

decentralized and autonomous energy systems [36]. The adoption of decentralized systems enhances 

flexibility and resilience, while the computational power of quantum computing ensures reliable and 

accurate energy forecasts. Advances in quantum computing are set to dramatically enhance the 

processing capabilities necessary for complex energy calculations, facilitating more precise predictions 

and efficient energy supply management. Alongside these technological advancements, regulatory 

frameworks are evolving to keep pace with AI's rapid developments, placing a significant focus on 

ethical standards, transparency, and public accountability [32]. These legislative changes are crucial for 

addressing contemporary challenges such as data privacy, cybersecurity, and equitable resource 

distribution. Collectively, these advancements are establishing the foundation for a more robust, 

efficient, and sustainable energy infrastructure that can meet future demands while upholding high 

ethical standards. 

This ILR results underscore that integrating AI with traditional models enhances forecast accuracy and 

operational efficiency in energy management. These findings align with prior research, emphasizing the 

importance of merging AI with traditional approaches while managing ethical and security issues 

through robust regulatory frameworks. The study advocates a hybrid approach that combines AI and 

traditional models, offering a more balanced and effective solution to contemporary energy management 

challenges. This combination not only boosts the precision of energy forecasts but also ensures that the 

application of AI technologies complies with ethical standards and data protection. AI's capability to 

analyze large volumes of data from various sources enables more accurate forecasts and dynamic 

resource allocation, thereby improving grid stability and resilience [24]. The paper also highlights the 

crucial need for substantial infrastructure and talent development investments to harness AI's potential 

fully. Establishing the requisite physical and digital systems is critical for successfully integrating AI 

into French energy management systems. Developing a skilled workforce capable of operating advanced 

AI systems is essential for maximizing the benefits of this technological integration. That is why 

stakeholders are urged to prioritize investments in both technological infrastructure and human capital to 

drive the future of sustainable and efficient energy management. 
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The study's conclusions align with previous research, highlighting AI's transformative potential in 

energy management, while acknowledging challenges such as data quality, infrastructure, and security. 

Earlier studies have stressed the importance of a balanced approach that combines AI with traditional 

methods, while also addressing ethical and regulatory issues [27]. This study builds upon those insights 

by proposing a comprehensive framework that integrates AI, edge computing, blockchain, and 

interpretable AI systems effectively. Edge computing facilitates real-time data processing, reducing 

latency and enhancing system responsiveness. Blockchain technology provides a secure and transparent 

environment for data exchanges, which helps address security concerns and boosts stakeholder 

confidence. Interpretable AI systems enhance transparency in decision-making processes, fostering 

public trust and ensuring regulatory compliance. This integrated approach not only enhances the 

accuracy and efficiency of energy management but also ensures robust data security and ethical 

transparency. The framework mitigates the limitations of each component by leveraging AI’s predictive 

strengths alongside traditional models. In this way, the myriad challenges of contemporary energy 

management are addressed, setting the stage for more sustainable and resilient energy systems. 

The future of practice and policy in AI-driven energy management demands a comprehensive strategy 

that integrates human expertise, continuous education, and collaborative methods [35]. This approach 

significantly depends on substantial investments in modern infrastructure and the creation of adaptable, 

supportive regulatory frameworks to facilitate the successful deployment of AI technologies. By 

balancing reliance on AI with human insights, the energy sector can move towards a more sustainable 

and resilient future. This holistic strategy not only addresses current limitations but also fosters 

innovative solutions and balanced decision-making in energy management. It underscores the 

importance of employing advanced technologies while preserving the human element, ensuring that 

technological advancements are applied thoughtfully and effectively. The synergy between AI and 

human expertise, supported by robust infrastructure and policy frameworks, paves the way for an energy 

sector that is adaptable, efficient, and equipped to tackle future challenges with innovative solutions 

[16]. 

 

Discussion and Implications of the Integrative Literature Review 

The findings of this ILR align closely with previous research, underscoring AI's disruptive potential in 

energy management. Earlier studies have demonstrated that AI can enhance grid stability, optimize 

renewable energy integration, and increase operational efficiencies [29]. However, this study also 

identifies significant challenges, such as data quality issues, infrastructural deficiencies, and 

cybersecurity risks, aligning with concerns highlighted in existing literature. These findings emphasize 

the necessity of a comprehensive approach that melds AI with traditional methodologies to address these 

challenges effectively. Such an approach leverages AI's advantages while mitigating limitations, 

culminating in more robust and efficient energy management systems. Integrating the strengths of AI 

with conventional processes provides a balanced solution that tackles data discrepancies and 

infrastructure shortages and enhances cybersecurity measures. Moreover, it underscores the importance 

of continuous innovation and stakeholder collaboration in fully harnessing AI's potential to transform the 

energy sector. The congruence with previous research validates the study's recommendations and 

reaffirms AI's crucial role in achieving sustainable energy management. 
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Several factors, such as variations in data quality and availability, changes in infrastructural capabilities, 

and the developing nature of AI technology, could have altered the interpretation of the findings. 

Relying on historical data and real-time weather information can cause mistakes in AI predictions, 

reducing overall reliability [55]. Financial and legislative constraints faced by energy businesses may 

impact the viability and scalability of AI applications. These aspects, taken together, call into question 

the findings' robustness and generalizability, emphasizing the importance of comprehensive measures to 

ensure data quality, infrastructure readiness, and supportive legislative frameworks for effective AI 

integration in energy management [22]. 

The study's findings tackle the critical challenge of integrating AI into France's energy sector by 

presenting a comprehensive framework that combines AI with traditional energy management 

approaches. This integrated approach enhances the accuracy and reliability of energy forecasts, leading 

to improved grid stability and more efficient utilization of renewable energy resources. The study 

contributes new insights to the existing body of literature by identifying specific challenges, such as data 

quality issues, infrastructural limitations, and cybersecurity threats, while proposing targeted solutions. It 

offers practical guidance for policymakers and industry stakeholders, aiding them in devising effective 

implementation strategies that balance technological innovation with practical constraints. This 

framework enhances current energy management practices and paves the way for future advancements, 

fostering a more resilient and sustainable energy infrastructure in France. 

The integration of AI into the energy sector has significant business and managerial implications. AI 

technologies can lead to improved operational efficiencies, cost savings, and better management of 

energy supply and demand [23]. AI can optimize energy usage, predict maintenance needs, and reduce 

operational costs [20]. Managers must invest in modernizing infrastructure and ensuring data quality to 

fully leverage these benefits. They have to foster a culture of continuous learning and innovation is 

crucial for developing the skills needed to effectively use AI technologies. They need to prioritize 

continuous training programs to keep the workforce adept at handling new AI tools and methodologies. 

However, this requires a strategic investment in infrastructure upgrades, such as advanced data analytics 

platforms and real-time monitoring systems. Collaborations with policymakers and industry experts can 

help create a supportive ecosystem for AI integration. Building strong partnerships with regulatory 

bodies and industry experts can facilitate the creation of an enabling environment for AI deployment, 

ensuring compliance with ethical standards and maximizing technological benefits [12]. These 

collaborative efforts can drive innovation, enhance sustainability, and improve the overall resilience of 

the energy sector. 

The new knowledge resulting from this study advances practice by providing a robust framework for 

integrating AI into energy management. This framework enhances the precision of energy forecasts and 

operational reliability, leading to more efficient and sustainable energy practices. It encourages the 

adoption of renewable energy sources, supporting global sustainability initiatives and fostering a more 

resilient energy infrastructure. The study promotes positive social change by aligning with the United 

Nations' Sustainable Development Goals (SDGs), particularly Goal 7 (Affordable and Clean Energy) 

and Goal 13 (Climate Action). By optimizing renewable energy integration and reducing greenhouse gas 

emissions, AI contributes to global efforts to combat climate change [30]. The improved accuracy in 

energy forecasts helps in balancing supply and demand more effectively, preventing wastage and 

ensuring a steady energy supply. This not only reduces operational costs but also minimizes 
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environmental impact. Due to its ability to efficiently handle pressing social and environmental issues, 

artificial intelligence (AI) holds immense transformational potential for attaining a sustainable future. 

The practical outcomes of this study have significantly enhanced the reliability and efficiency of the 

energy grid. AI’s predictive capabilities enhance the management of energy supply and demand, 

substantially reducing the risk of disruptions and ensuring a stable power supply [28]. This improvement 

enhances customer service and reduces operational costs for energy providers. Additionally, 

incorporating edge computing and blockchain technologies bolsters data security and transparency. 

These technological advancements heighten operational efficiencies and strengthen public trust by 

ensuring that energy management practices are secure and transparent. This dual focus on efficiency and 

trustworthiness positions the energy sector for sustained success and innovation, paving the way for a 

more resilient and dependable energy infrastructure [62]. 

The study highlights AI's considerable potential to drive further advancements in energy management. 

Integrating quantum computing can drastically enhance processing capabilities for complex energy 

computations, thereby unlocking new possibilities for optimizing energy systems. By adopting these 

advancements, the energy sector can achieve unprecedented levels of efficiency and reliability, thereby 

establishing a new benchmark for global energy standards. Managers need to stay informed about 

emerging technologies and prepare to integrate them into their strategic planning. Continuous 

investment in AI technology and the development of suitable legal frameworks are crucial for fully 

harnessing this potential. This proactive approach will position France as a leader in developing a 

reliable, resilient, and sustainable energy system. 

 

Future Recommendations for Practice and Policy 

To address the challenges identified in the ILR study, it is crucial to integrate AI technology with 

existing energy management strategies. A key recommendation is to invest in comprehensive training 

programs for energy industry professionals to enhance their AI capabilities. This training should 

encompass technical skills and practical applications, ensuring that experts can utilize AI tools to 

optimize energy systems. Edge computing and blockchain technologies can significantly enhance data 

processing capabilities and security, which are essential for successfully integrating AI into energy 

management practices. On the one hand, Edge computing facilitates real-time data processing close to 

the source, reducing latency and improving efficiency. On the other hand, blockchain offers a secure, 

transparent framework for data transactions, addressing critical data integrity and security issues. 

Together, these technologies establish a robust infrastructure capable of supporting the complex 

demands of AI-driven energy management, leading to more resilient and efficient energy systems. 

Integrating such cutting-edge technological tools will enable a smooth transition to advanced energy 

management practices, enhancing sustainability and operational excellence in the energy sector. 

From a policy perspective, governments and regulatory bodies must establish flexible and supportive 

legislative frameworks to facilitate AI's ethical and transparent deployment in the energy sector. These 

frameworks should comprehensively address critical issues such as data privacy, cybersecurity, and 

algorithmic transparency to build public trust and ensure the safe use of AI technologies [59]. 

Policymakers should also promote investments in new infrastructure and AI technology to foster a more 

efficient and sustainable energy system. Companies investing in AI-driven energy solutions could be 

incentivized through tax benefits, grants, or low-interest loans, encouraging the adoption of innovative 

technologies. This financial support is vital for stimulating innovation and accelerating the transition to a 
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more resilient and sustainable energy system. By providing adaptable and supportive regulatory 

frameworks, governments can help mitigate potential risks associated with AI while maximizing its 

benefits for the energy sector. 

Future research should enhance the accuracy and reliability of artificial intelligence models utilized in 

energy management. This enhancement can be achieved by improving the quality and availability of 

data by deploying IoT devices and intelligent sensors, which collect real-time, comprehensive statistics 

[59]. Additionally, researchers should explore the potential of quantum computing to boost AI 

algorithms' processing power and capabilities. Research should also address the ethical implications of 

using AI in energy management, mainly focusing on ensuring fairness, transparency, and accountability 

in AI decision-making processes. By prioritizing these areas, future research can surmount existing 

limitations and augment the overall effectiveness of AI in the energy sector, leading to more sustainable 

and efficient energy management practices [35]. 

Given the limitations of the current study, future researchers have the opportunity to expand upon this 

work by conducting longitudinal studies to assess the long-term impacts of AI integration in the energy 

sector. It is important for academics to explore the socioeconomic effects of deploying AI in energy 

management, particularly in terms of its influence on different stakeholders and communities [30]. The 

next logical step in this line of research is to develop and evaluate comprehensive AI frameworks that 

incorporate various technologies, including AI, edge computing, and blockchain. Such frameworks 

would be designed to tackle the diverse challenges identified in this study. By undertaking these 

initiatives, researchers can provide more substantial and actionable insights, thereby enhancing the 

efficacy and sustainability of AI-driven energy management strategies. 

The future recommendations for practice and policy can improve energy management practices, 

including enhanced grid stability, optimal renewable energy integration, and better operational 

efficiencies. These enhancements align with the United Nations' Sustainable Development Goals 

(SDGs), specifically Goals 7 (Affordable and Clean Energy) and 13 (Climate Action). By promoting the 

adoption of AI technology in energy management, significant strides can be made in global climate 

change mitigation and sustainable development initiatives [27]. The use of AI to improve grid stability 

not only increases reliability and efficiency but also supports affordable and clean energy initiatives, 

optimizing the integration of renewable energy and contributing to a more sustainable and balanced 

energy mix [54]. Improved operational efficiencies achieved through AI reduce waste and heighten the 

overall performance of energy systems, demonstrating a commitment to innovation and sustainability 

[39]. 

The implications of this study extend beyond the mere application of AI in energy management, 

suggesting a broader relevance as AI technologies evolve. As these technologies advance, their 

integration into various sectors will become increasingly crucial. The insights and recommendations 

from this study can act as a blueprint for other sectors aiming to leverage AI to enhance operational 

efficiency and sustainability. By fostering an environment of continual learning, collaboration, and 

innovation, we can maximize the utilization of AI technologies, paving the way for a more sustainable 

and equitable future [29]. This approach not only boosts energy efficiency but also sets a precedent for 

other industries, promoting the widespread adoption of AI to generate positive social and environmental 

outcomes. AI has the capability to tackle complex challenges across multiple domains by adapting and 

evolving continuously, leading to enhanced performance, reduced costs, and better resource 

management. Embracing the transformative potential of AI can significantly contribute to global efforts 
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in achieving sustainable development goals, spurring innovation, and creating a resilient, forward-

thinking society ready to address future challenges [33]. 

The next logical progression in this research is to implement pilot projects utilizing the comprehensive 

AI frameworks discussed in this paper, focusing on real-world applications in energy management, 

especially integrating edge computing, blockchain, and quantum computing technologies. Future studies 

should also explore the scalability and applicability of these technologies across different energy 

systems and regulatory environments. By testing the proposed frameworks in various scenarios, 

researchers can provide more substantial and practical insights, thereby advancing the field of AI-driven 

energy management [28]. These pilot projects will act as essential testbeds for evaluating the efficacy of 

integrated AI systems under diverse conditions, offering valuable data on their performance, reliability, 

and economic feasibility. This real-world testing is crucial for gauging the practical challenges and 

potentials of deploying these advanced technologies on a larger scale. 

Moreover, these studies can recommend specific legal and policy adjustments to facilitate AI's broader 

adoption in energy management. Such an initiative ensures that the transition to AI-powered energy 

systems is feasible and sustainable. It sets the stage for future innovations and serves as a benchmark for 

other industries interested in integrating AI into their operations. Ultimately, It will contribute to 

developing a more robust, efficient, and sustainable energy infrastructure, aligning with global 

sustainability goals and yielding broader societal benefits. 

 

Conclusions 

This research delved into integrating artificial intelligence (AI) into France's energy sector, focusing on 

pivotal issues like grid stability, renewable energy integration, and overall energy management. The 

primary aim was to identify the challenges and opportunities associated with AI adoption and to develop 

a comprehensive framework for effectively addressing these concerns. This study is significant as it 

holds the potential to transform the energy sector by enhancing its sustainability and resilience. Utilizing 

AI, the research aligns with global environmental objectives and fosters technological innovation. AI's 

predictive capabilities are leveraged to optimize the integration of renewable energy sources, leading to 

more reliable and efficient energy delivery. Additionally, the study underscores the necessity of 

infrastructure upgrades, robust data management, and ethical AI systems to build public trust and secure 

data. The proposed model advocates a balanced approach, merging AI with traditional methods to 

maximize benefits while mitigating risks. This holistic strategy addresses immediate operational issues 

and sets the foundation for long-term advancements in energy management, positioning France as a 

leader in sustainable energy practices. 

The study revealed that AI technologies such as machine learning and predictive analytics offer 

significant advantages for energy management, including enhanced prediction accuracy and operational 

efficiency. However, these technologies face significant challenges, including issues related to data 

quality and availability, infrastructural limitations, and cybersecurity threats [23]. Accurate AI 

predictions require high-quality, real-time data, yet current grid infrastructures often need substantial 

upgrades to handle this effectively [57]. Additionally, maintaining data integrity and security is crucial, 

as AI systems must operate transparently and ethically to gain public trust. The study emphasizes 

developing robust and secure AI systems that efficiently manage data while addressing privacy 

concerns. Upgrading infrastructure to support these advanced technologies is essential for fully 

harnessing AI's potential in enhancing energy management. By prioritizing these areas, the energy sector 
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can leverage AI to boost reliability and efficiency, ultimately contributing to a more sustainable and 

resilient energy future [15]. 

The study's conclusions are supported by evidence demonstrating that integrating AI with traditional 

energy management methods enhances prediction accuracy and operational reliability. By combining 

AI's predictive capabilities with the established stability of conventional approaches, energy systems are 

able to deliver more accurate and reliable outcomes [13]. The adoption of edge computing and 

blockchain technology was identified as crucial for addressing data processing and security challenges. 

Edge computing facilitates real-time data processing near the data source, reducing latency and boosting 

efficiency, while blockchain provides a transparent and secure framework for data transactions, 

safeguarding against cyber threats and ensuring data integrity. Additionally, the study highlights the 

significance of comprehensive training programs for energy sector workers to ensure effective use of AI 

tools. These training programs are essential in equipping professionals with the skills needed to fully 

utilize AI technologies, thereby enhancing overall efficiency and sustainability. Upskilling the 

workforce enables the energy sector to better adapt to technological advancements, ensuring that AI 

implementation is both effective and beneficial [1]. This paper not only addresses current challenges but 

also sets the foundation for a more sustainable and resilient energy future, showcasing the transformative 

potential of integrating AI into traditional energy management practices. 

The implications of this study extend well beyond the direct application of AI in the energy sector, 

offering valuable insights for various industries aiming to enhance operational efficiency and 

sustainability through AI. The proposed framework and guidelines serve as a model for integrating AI 

technology while fostering a culture of continuous learning, collaboration, and innovation across diverse 

sectors. The study underscores the vital role of supportive legislative frameworks in ensuring AI's ethical 

and transparent use, contributing to a more sustainable and equitable future. By adopting these 

standards, industries can improve efficiency and data protection and bolster public trust in AI 

applications [14]. Such an approach addresses current challenges and lays the groundwork for future 

advancements by demonstrating how AI can be effectively integrated into various fields to propel 

progress and innovation. The focus on collaboration and continuous improvement highlights the 

importance of maintaining a proactive and adaptive mindset to fully leverage AI technologies' potential 

while upholding ethical standards and promoting sustainability [12]. 

Integrating AI into France's energy sector presents substantial opportunities to enhance operational 

efficiencies, foster sustainability, and support global climate objectives [24]. The study's findings and 

recommendations offer a comprehensive framework for advancing practices and policies in AI-driven 

energy management. Stakeholders can fully tap into AI's potential by addressing identified challenges 

such as data quality, infrastructural limitations, and cybersecurity threats and implementing proposed 

solutions like edge computing, blockchain, and extensive training programs [36]. This strategy propels 

the energy sector towards a more robust and sustainable future. Moreover, this study contributes to the 

existing body of knowledge and sets the stage for innovative solutions and balanced decision-making 

processes. It emphasizes the importance of continuous learning, collaboration, and the establishment of 

solid legislative frameworks to ensure ethical and transparent AI usage, setting a precedent for other 

industries to emulate. Thus, by embracing AI and its accompanying technologies, France's energy sector 

improves operational capabilities and sets an excellent example for developing a resilient, sustainable, 

and ethical framework that might inspire similar reforms worldwide. 
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