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ABSTRACT: Artificial Intelligence is a popular topic these days. It is 

believed that artificial intelligence will be the solution to all existing 

societal problems, reducing human effort while also improving human 

interpretation of the world around them. Artificial intelligence, within the 

realm of computer science, is focused on developing machines capable of 

emulating human thought processes, operations, and adaptability. At 

present, artificial intelligence finds utility across diverse domains, 

including but not limited to medicine, engineering, agriculture, self-driving 

vehicles, and aviation. Another emerging arena for AI deployment is in 

energy platforms. This paper delves into the applications of artificial 

intelligence and their significance in fostering sustainability across various 

trends. Consequently, it provides insights and analysis regarding the long-

term viability of AI, encompassing environmental and economic 

development. Furthermore, it highlights the positive impact of AI 

applications on sustainable development, encompassing aspects such as 

fulfilling energy requirements, generating employment opportunities, and 

enhancing environmental preservation. 
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1. INTRODUCTION 

AI systems are mechanized systems with differing levels of self-governance. They have the 

capability to make predictions, offer recommendations, or render decisions based on 

extensive and diverse data sources, commonly referred to as "big data," all within the 

context of human-defined objectives. AI systems depend on extensive datasets and data 

analysis to power their machine-learning models.These models can refine themselves by 

learning from datasets without requiring explicit human programming. The onset of the 

COVID-19 crisis accelerated and amplified a pre-existing trend towards digitalization. This 

trend encompasses the utilization of artificial intelligence, which has become increasingly 

prevalent across various sectors. In the realm of finance, the integration of artificial 

intelligence has notably grown across various sectors, including asset management, 

algorithmic trading, credit assessment, and financial services based on blockchain 
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technology. This growth has been made possible due to the increasing availability of 

extensive data and the greater affordability of computational resources. At its essence, 

artificial intelligence is a discipline that combines computer science with vast datasets to 

tackle intricate problems. It encompasses specialized areas like machine learning and deep 

learning, which are often linked to AI. Within these subdomains, AI algorithms are crafted 

to develop expert systems that can make predictions or classifications based on input data 

[2]. 

 

 
Figure 1: Evolution of AI 

 

Artificial Intelligence has gone through numerous phases of excessive hype throughout its 

history. However, even those who initially doubted its potential now recognize the 

significance of OpenAI's ChatGPT release. While the most recent surge in generative AI's 

prominence was driven by advancements in computer vision, the current leap forward is 

taking place in the realm of natural language processing. Generative models are no longer 

confined to mastering the structure of language alone.They now possess the ability to 

comprehend the complexities of software code, molecules, natural images, and a wide 

range of data types. The applications of this technology are rapidly expanding, and we have 

only scratched the surface of what it can achieve [3]. Nonetheless, as the excitement 

surrounding the integration of AI into business operations grows, ethical considerations 

become increasingly paramount. AI has become deeply embedded in products and services 

across various sectors, including healthcare, automotive, consumer goods, and the Internet 

of Things (IoT). Additionally, within the financial industry, financial services providers are 

employing AI across various domains, encompassing retail and corporate banking 

(customized products, chatbots for customer service, credit assessment and scoring, credit 

loss prediction, anti-money laundering, fraud detection, and customer support), as well as in 

asset management (robo-advisors). The official sector is also adopting AI in Regulatory 

Technology (RegTech) and Supervisory Technology (SupTech) applications, leveraging 

capabilities like Natural Language Processing (NLP) and compliance processes. AI has 

numerous applications. Thus, it is an important research area that requires significant 

attention and contribution. To begin, it is critical to identify and remove barriers to the 
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implementation of AI-driven energy. Furthermore, a long-term model of AI system 

application for the world is critical. The analysis indicated a scarcity of tasks within the 

field of AI systems application. As a result, the goal is oriented towards artificial 

intelligence-driven energy trading platforms: market dynamics and understanding of AI 

issues and challenges around the world. Keeping this in mind, the study's objectives are as 

follows: 

 Investigation of various uses and challenges in the application of AI as a decision 

to use in developing nations. 

 To pinpoint the primary obstacles faced by the energy sector when integrating 

intelligent and smart technologies. 

The forthcoming portions of the paper are organized in the following manner: Section 1 

provides an introduction to AI systems. Section 2 delves into the fundamentals and related 

research, and Section 3 provides an overview of AI systems across different sectors. 

Section 4 discusses the presenting rules, and Section 5 explains the conclusions and follow-

up work. 

2. RELATED WORKS 

In order to pinpoint pertinent research, an exhaustive examination of the existing literature 

was carried out through the utilization of meta-data and content analysis techniques. The 

main focus of interest revolved around implementing artificial intelligence in the energy 

sector. To explore this, we employed well-established strategic management approaches 

such as analogous estimation, contingent response, dependency determination, expert 

assessment and brainstorming. This methodical process yielded consistent outcomes in 

terms of expert opinions regarding the examination of challenges from various viewpoints. 

Afterwards, these challenges were classified using expert judgment and practical reasoning. 

It's essential to recognize that the categorization might differ depending on the particular 

context and requirements of a given scenario. 

Perira et al. [5] define AI, stating that it involves the intelligent behaviour exhibited by 

artificial entities, encompassing abilities such as perception, reasoning, learning, 

communication, and complex decision-making in various environments. The core objective 

of Artificial Intelligence (AI) is to create machines capable of emulating human 

capabilities, and in many cases, surpassing them. Scholars propose dividing AI capabilities 

into distinct categories, including reasoning, problem-solving, natural language processing, 

perception, and general intelligence, in order to address intricate challenges [6]. In the field 

of computer science, AI is characterized as a methodology for software programs to 

analyze specific problems and devise appropriate solutions. Key AI technologies include 

machine learning, artificial neural networks, and heuristic search [7]. A multitude of studies 

have been conducted to date to experiment with and explore the potential and practical 

applications of AI across various domains, such as the field of big data analytics. 

According to the framework presented by Anna and her colleagues [9], the primary focus of 

AI in the field of energy research centres around the application of various techniques and 

solutions for the design, optimization, and management of operations across diverse 

domains. A thorough examination of the literature in the fields of energy and renewable 

energy research reveals that AI has been explored in various domains such as solar energy, 

wind energy, geothermal energy, and hydroelectric power. In general, commonly employed 

AI techniques for addressing tasks such as classification, forecasting, artificial neural 

networking, optimization, and control encompass artificial neural networks, reinforcement 

learning, genetic algorithms, and multiagent systems. Nevertheless, it's worth noting that 

current research and literature underscore a fragmented gap and limited visibility in studies 

involving Information And Communication Technology (ICT) systems, power and energy 
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systems, and research related to the energy market [10]. Despite this, our study proposes 

that AI and machine learning are rapidly gaining prominence as significant applications 

within the realm of power and energy, establishing themselves as integral components of 

intelligent energy systems. 

3. OVERVIEW OF AI 

In 2022, the global AI market in the energy sector was valued at USD 3,250 million. It is 

anticipated to reach USD 22,150 million by 2033, experiencing a noteworthy Compound 

Annual Growth Rate (CAGR) of 21.15%. This market encompasses the application of AI 

technologies and solutions across various aspects of the energy industry, intending to 

enhance the efficiency, cost-effectiveness, and environmental sustainability of processes 

related to energy generation, distribution, consumption, and management [11]. AI is being 

actively employed to optimize energy generation, distribution, consumption, and 

management, resulting in increased efficiency, cost reduction, and improved environmental 

sustainability. 

Table 1: Reports of AI 2022 

Attributes Overview 

Market forecast in 2022 USD 3,250 million 

Market Forecast in 2033 USD 22,150 million 

CAGR& 2022-2023 21.5% 

Base year 2022 

Historic data 2020-2021 

Forecast period 2023-2033 

 

Artificial intelligence (AI) stands as a pivotal element in the ongoing digitization of 

industries, often referred to as 'Industry 4.0.' The fundamental factors propelling this 

transformation, which include the Internet of Things (IoT), 5G connectivity, cloud 

computing, advanced data analysis, intelligent sensors, augmented reality, 3D printing, and 

robotics, are poised to completely transform the manufacturing industry, reshaping it into a 

seamlessly integrated cyber-physical system. This envisioned future merges digital 

technology, the internet, and production processes into a cohesive entity.In the forthcoming 

era of smart factories, manufacturing operations will be interconnected, with AI solutions 

playing a foundational role in linking machinery, interfaces, and components. For instance, 

visual recognition could be used for this purpose. These smart factories will amass 

substantial volumes of data, which will be channelled into AI systems to optimize the 

manufacturing processes. The OECD acknowledges that AI has the potential to be 

efficiently applied in various industrial sectors, encompassing everything from improving 

multi-machine systems to advancing industrial research. The continued advancement of 

automated learning processes is expected to fuel a gradual increase in the utilization of AI 

within the manufacturing sector. 
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Figure 2 – Expected gains from AI in the different regions of the world by 2030 

Essentially, there is a strong likelihood that the manufacturing sector's competitiveness will 

see a substantial boost through increased efficiency and productivity gains achieved 

through data analysis. This will lead to the restructuring of supply chains to align with these 

improvements. Artificial Intelligence (AI) is set to enhance automation by ensuring more 

robust quality control in both products and processes. It will also enable proactive 

machinery diagnostics and timely maintenance, ultimately resulting in minimal downtime, 

reduced errors, and fewer defective products. This enhanced product quality and diversity 

may empower manufacturers to explore new markets. Despite the foundational elements 

being in place, the full realization of Industry 4.0 might be delayed until the middle of the 

upcoming decade due to the need for the integration of various technologies, a process that 

some estimate could take 20 to 30 years to become widespread. According to the OECD, in 

the long run, AI has the potential to lead to groundbreaking scientific discoveries that could 

give rise to entirely unforeseen industries. 

 

Table2: Performance of AI-driven energy systems 

Aspects AI-driven energy 

Objective Automate data quality processes, enhance data 

governance and provide real-time insights. 

Methodology AI-driven algorithms for data profiling, cleansing, 

matching, and standardization 

Data Quality Improvement Automated data profiling, cleansing, and matching 

using AI algorithms. 

Data Learning and Improvement Continuous learning from data patterns to improve 

data quality. 

Speed and Efficiency Speeds up data cleansing and integration, and reduces 

manual efforts and errors. 

Data Governance and Compliance Monitor data usage, access, and security, and identify 

data privacy breaches. 

Impact on Decision-making Provides real-time insights for better decision-making. 

Operational Excellence Enhances efficiency and effectiveness of MDM 

initiatives. 
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3.1. Challenges of AI in Energy 

Machine Learning (ML) and Artificial Intelligence (AI) play essential roles in the field of 

power systems, acting as indispensable assets for the enhanced supervision, management, 

operational efficiency, and smooth incorporation of vast renewable energy resources. Their 

significance becomes particularly apparent when managing uncertainties and instabilities, 

adapting to dynamic conditions, and tackling the new challenges presented by smart grids 

[12]. It is imperative to incorporate these innovative approaches into existing legacy 

infrastructure and practices, utilizing ML techniques that harness adaptability and 

optimization. In today's interconnected world, characterized by the generation and 

exchange of copious amounts of data, resilient infrastructures are required to extract 

valuable insights from the multidisciplinary information exchanges spanning various 

domains. Meeting these complex and multifaceted requirements during the Industrial 

Revolution era relies on harnessing the power of Artificial Intelligence (AI). 

 

By leveraging AI technologies in the energy sector, companies can overcome various 

MDM (Master Data Management) obstacles and enhance data quality, consistency, and 

accessibility. Here are some ways AI can tackle the challenges of MDM (Master Data 

Management) for energy. 

1. Data Cleansing and Standardization: AI-powered algorithms can automatically 

identify and cleanse data errors, inconsistencies, and duplications within energy datasets. 

By employing machine learning and Natural Language Processing (NLP) techniques, AI 

can identify patterns and ensure the accuracy and uniformity of energy data by establishing 

consistent data formats. 

2. Data Integration and Data Silos: AI utilized for the energy sector can facilitate 

the integration of data from various sources, regardless of their formats or structures. With 

AI-driven data integration, energy companies can break down data silos, enabling a unified 

view of critical information and improving cross-departmental collaboration. 

3. Real-time Data Quality Monitoring: AI can continuously monitor the quality of 

energy-related data as it enters the system, detecting anomalies and flagging potential data 

issues in real-time. This proactive approach allows for timely data quality improvements 

and reduces the risk of poor energy data affecting decision-making. 

4. Data Matching and De-duplication: AI algorithms in the energy sector can 

efficiently identify duplicate records and merge or eliminate redundant energy data entries, 

ensuring data accuracy and preventing confusion caused by duplicate information. 

5. Data Imputation and Completion: AI used in the energy sector can help fill in 

missing data by imputing values based on existing patterns and correlations within the 

dataset. This capability enhances data completeness for the energy sector and reduces 

information gaps, providing a more comprehensive view of the energy assets and 

operations. 

6. Predictive Data Quality Management: AI-driven predictive analytics for energy 

companies can forecast potential data quality issues based on historical data patterns. This 

predictive capability allows energy companies to take preemptive measures to improve data 

quality and avoid future challenges. 

7. Natural Language Processing (NLP) for Data Governance: AI-powered NLP 

can be employed to automate data governance processes, including data policy 

enforcement, data lineage tracking, and compliance management. This streamlines data 

governance efforts and ensures adherence to data quality standards. 

8. Data Security and Privacy: AI used in the energy sector can assist in identifying 

potential data security threats and vulnerabilities, as well as monitoring data access and 

usage patterns to prevent unauthorized access or data breaches. AI-driven encryption and 

anomaly detection techniques can bolster data security measures. 
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9. Data Quality Metrics and KPIs:  Artificial intelligence has the capability to 

support the energy industry by establishing and monitoring crucial data quality metrics and 

Key Performance Indicators (KPIs) for assessing the effectiveness of MDM endeavours. 

This enables continuous monitoring and improvement of data quality over time. 

10. Machine Learning for Automated Data Classification: AI-powered machine 

learning models can automatically classify data based on predefined criteria, simplifying 

data organization and facilitating effective data searching and retrieval. 

11. Natural Language Interfaces for Data Querying: AI-driven natural language 

interfaces allow non-technical users to access and query data using natural language 

commands, improving data accessibility and usability across the organization. 

 

The incorporation of artificial intelligence into the energy industry has yielded important 

insights from both successful and unsuccessful experiences. The results primarily rely on 

various factors, including the accuracy of data, algorithm selection, successful project 

management, smooth integration with existing systems, vigilant monitoring and evaluation, 

gaining support from stakeholders, expertise, and financial resources, setting realistic 

expectations, and thoughtful consideration of ethical and societal implications. The 

directional flow illustrated in Figure 3 provides valuable insights into the intricate 

interrelationships among these variables. 

 
Figure 3:AI in various trends 

 

As the world increasingly turns to artificial intelligence for addressing intricate challenges, 

numerous considerations must be taken into account when applying AI across various 

sectors, notably within the energy industry. Elements like complexity, context, and 

significance are fundamental in determining the overall influence of AI and the effective 

implementation of energy-focused initiatives. The primary complexity arises from the 

integration of AI technologies into existing infrastructures, which frequently necessitates 

substantial data availability and quality. This situation can present difficulties for those 

deploying AI as they endeavour to optimize its efficiency while safeguarding human 

expertise. To ensure comprehension and trust in the outcomes of these methodologies, a 

moderate level of collaboration between humans and AI, as well as transparency, becomes 

imperative. Additionally, a reasonable degree of adaptability is necessary for efficient 

energy system management, encompassing tasks like adjusting to shifting demand patterns 
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or integrating novel energy sources. While human involvement and performance 

assessments may not receive extensive attention, they continue to play a vital role in 

shaping more robust and reliable AI strategies. 

AI Uses in Various Energy Trends 

 

 Smart Grid Optimization:Artificial intelligence is being employed to enhance 

the efficiency of smart grid operations through the analysis of extensive data sourced from 

sensors, meters, and various other devices. It helps in predicting energy demand, managing 

energy storage, and improving grid stability and reliability. 

 Renewable Energy Integration:Artificial intelligence plays a crucial role in 

facilitating the smooth incorporation of renewable energy sources such as solar and wind 

into the electrical grid. It assists in forecasting renewable energy generation, managing 

variability, and optimizing grid integration for maximum efficiency. 

 Energy Management Systems: AI-powered energy management systems are 

being developed to optimize energy consumption in buildings, factories, and industrial 

processes.These systems employ machine learning algorithms to scrutinize patterns of 

energy consumption, detect areas that could benefit from enhancements, and propose 

measures to conserve energy.  

 Predictive Maintenance: AI is used to perform predictive maintenance in the 

energy sector by analyzing sensor data from power plants, turbines, and other equipment. It 

helps in detecting anomalies, predicting failures, and scheduling maintenance activities to 

minimize downtime and reduce costs. 

 Energy Trading and Market Optimization: AI is increasingly being used in 

energy trading and market optimization. It enables automated trading strategies, price 

forecasting, demand response optimization, and portfolio management, thereby improving 

market efficiency and profitability. 

 Energy Storage Optimization:AI algorithms are utilized to enhance the 

efficiency of energy storage systems, including batteries, by forecasting energy usage and 

availability, fine-tuning the charging and discharging processes, and enhancing the overall 

system's operational effectiveness. 

 Energy Analytics and Insights:AI-driven analytics platforms are employed for 

the examination of extensive energy data, encompassing consumption patterns, 

meteorological information, and market trends. It helps energy companies and utilities gain 

valuable insights for decision-making, demand response programs, and resource planning. 

 Grid Security and Cyber Security: AI technologies are utilized to enhance grid 

security and protect against cyber threats. AI algorithms can identify abnormal patterns, 

detect intrusions, and provide real-time threat intelligence, ensuring the integrity and 

reliability of the energy infrastructure. 

 Autonomous Systems: AI is being explored to develop autonomous systems for 

energy exploration, production, and distribution. For example, autonomous drones and 

robots can be used for inspecting power lines, offshore wind farms, and oil and gas 

facilities, reducing human risk and improving operational efficiency. 

 Environmental Impact Mitigation: AI is utilized to optimize energy 

consumption and reduce environmental impact. It aids in forecasting and handling 

emissions, enhancing energy efficiency, and easing the shift toward a greener and more 

sustainable energy blend. 
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The economic and social implications of large-scale applications of AI 

 

AI on a large scale could bring about significant economic and social consequences, 

regardless of whether these applications replace, enhance, or expand upon existing tasks 

[13]. These implications arise from the unique nature of artificial intelligence, which is 

digital and thus non-excludable, much like other digital products and services. This means 

that digital services can be utilized by multiple individuals concurrently without affecting 

one another. Additionally, AI strives to offer customized solutions to economic challenges, 

enabling greater diversification of products and services than ever before and enabling 

more precise price differentiation than what is presently achievable in established markets. 

However, this price differentiation presents a double-edged sword, as it must be carefully 

balanced. Initially, digital technologies marked by non-excludability in the utilization of 

their offerings frequently confer cumulative advantages on those who enter a specific 

market segment. 

 

 Another factor driving change stems from AI-powered systems, enabling 

significantly more precise differentiation among various customer segments. 

 A third domain where AI-driven systems can have a significant impact across the 

entire economy is diminishing labour market bottlenecks by enabling the processing of a 

much larger pool of job seekers. 

 One last broad economic consequence of AI revolves around the idea that AI-

powered technological advancements are integrated into novel and frequently affordable 

equipment, making them readily available to a diverse array of users. 

AI-driven expert systems have demonstrated their capacity to assist policymakers, 

especially in nations facing budgetary constraints, by enhancing their ability to oversee 

interventions [14]. These systems provide superior, more detailed data and facilitate 

enhanced collaboration among diverse stakeholders, facilitating the efficient deployment of 

services such as healthcare or emergency relief efforts [15]. Presently, there are numerous 

practical applications of AI systems, and the following are among the most prevalent use 

scenarios: 

 Speech recognition: This ability employs Natural Language Processing (NLP) to 

transform spoken human language into written text. It is alternatively referred to as 

Automatic Speech Recognition (ASR), computer-based speech recognition, or speech-to-

text technology. 

 Customer service: Throughout the customer experience, online virtual agents are 

taking the place of human agents. They handle common inquiries, like those related to 

shipping, and offer tailored recommendations, such as suggesting complementary products 

or suggesting appropriate sizes for individual users. This transformation is reshaping our 

understanding of customer interaction on websites and social media platforms. Instances of 

this shift include messaging bots incorporated into e-commerce websites, virtual agents on 

messaging platforms like Slack and Facebook Messenger, and tasks traditionally executed 

by virtual assistants and voice-controlled assistants. 

 Computer vision: This AI technology empowers computers and systems to 

extract valuable insights from digital images, videos, and other visual data, enabling them 

to take actions based on this knowledge. This capability distinguishes it from mere image 

recognition tasks. Computer vision, leveraging the capabilities of convolutional neural 

networks, finds practical use in a variety of fields such as social media for photo tagging, 

healthcare for radiology imaging, and the automotive industry for self-driving cars. 

 Recommendation engines: By analyzing historical consumer behaviour data, AI 

algorithms can assist in identifying patterns in the data, which can then be leveraged to 

create more efficient cross-selling strategies. Online retailers employ this approach to 
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provide customers with tailored add-on suggestions at the checkout stage, enhancing their 

shopping experience. 

 Automated stock trading: AI-powered high-frequency trading platforms, created 

to enhance stock portfolio performance, and execute thousands or even millions of daily 

trades autonomously. 

4. DISCUSSIONS 

AI algorithms can assist in enforcing data governance policies and identifying potential 

data privacy breaches [16].The utilization of AI unquestionably offers numerous chances 

for a beneficial overhaul of the economy. In the past decade, remarkable progress in natural 

language processing and computer vision has unlocked fresh possibilities for applying AI to 

tasks once believed to be exclusively within the realm of human capabilities. Businesses 

worldwide are swiftly embracing AI because of its capacity to expand operations, cut costs, 

handle and analyze vast data volumes, and enhance decision-making, often in collaboration 

with human input. Moreover, this shift is expected to create novel employment 

opportunities that would not have emerged without AI. 

 
Figure 4: (a) Trends and Forecast of AI (b) Hype cycle of AI 

Simultaneously, AI introduces several challenges. A significant portion of the workforce 

will probably encounter AI in various capacities, as AI now possesses the capability to 

handle unconventional tasks, even within high-skill professions that had previously been 

immune to automation. The primary concern regarding AI's impact on the workforce 

revolves around the widespread disruption it is poised to create, whether through the 

realization that their jobs have been newly automated or that the very nature of their roles 

has undergone a fundamental transformation. Another peril associated with AI pertains to 

the potential for companies to inadvertently breach existing laws related to bias, fraud, or 

antitrust, thereby exposing themselves to legal and financial liabilities, consequently 

inflicting economic harm upon both employees and consumers. Given the opaque nature of 

these systems, identifying and rectifying such transgressions is an intricate undertaking. 

This underscores the imperative for governments to establish a clear agenda for guiding AI 

development toward a positive trajectory. Figure 5 shows the researcher's most recent 

paper, which was published in the year 2000. 
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Figure 5: Published articles using AI in various fields (2000–till date). 

5. CONCLUSIONS 

AI possesses the capacity to revolutionize the energy industry by presenting innovative 

solutions for enhancing system operations and bolstering reliability, all while ensuring 

technological and economic advantages. These advantages encompass heightened 

efficiency, enhanced demand forecasting and balance, improved system stability and 

reliability through optimal preventative and corrective maintenance, economically 

profitable operation, prudent unit commitments, and precise management of supply and 

demand to achieve market optimization. The streamlining of decision-making processes 

and reduction of operational and capital costs work together to render the energy sector 

more economically viable. Nevertheless, the successful integration of AI into the energy 

domain will encounter unforeseen hurdles, potentially tempering the enthusiasm 

surrounding AI adoption. This research delves into, identifies, categorizes, and assesses 

these challenges from multiple perspectives, offering an extensive roadmap. By shedding 

light on the principal impediments facing AI integration in the energy sector, it becomes 

evident that a collaborative approach is imperative to surmount these unanticipated 

obstacles. This study can serve as a valuable resource for policymakers, energy 

professionals, and researchers who aspire to unlock the complete potential of AI in the 

energy sector. Furthermore, we propose an innovative framework for the development and 

implementation of policies, with the objective of contributing to a future that is more 

efficient, robust, and sustainable. 
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