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Abstract 

The objective of this study is to analyze and evaluate the role of artificial intelligence (AI) and cloud computing in transforming 

the energy industry, with a focus on their impact on data security, scalability, and system integration. The rapid integration of 

these technologies is reshaping the energy industry by driving digital transformation, optimizing operations, and enabling data-

driven decision-making. The paper is driven with mixed-research methods categorizing reviewed materials of fifty-six (56) into 

five (5) distinct categories, empirical/experimental, review/literature-based, theorical/conceptual, industry/technical report and 

online articles/experts’ commentaries. In the study a total number of thirty-two (32) among the reviewed literatures on impact 

on data security has 12, scalability span ten (10) literatures, whereas integration challenges take eleven (11) materials in the 

study. The article highlights the challenges of safeguarding sensitive energy data in distributed environments, managing 

scalability demands in response to increasing data volumes, and addressing interoperability issues between legacy systems and 

modern cloud-based architectures. Through a comprehensive analysis, the study underscores the critical need for robust security 

frameworks, scalable cloud strategies, and seamless integration models to ensure resilience and sustainability in the energy sector. 

The findings emphasize that while AI and cloud computing present transformative opportunities, their successful adoption 

depends on effectively mitigating risks and aligning technological innovation with industry-specific regulatory and operational 

requirements. 
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1. Introduction 

The integration of AI in energy systems or management is 

poised to redefine efficiency, sustainability, and reliability in 

unprecedented ways. Technological trends are changing the 

way that industries work and innovate with reference to the 

energy industry [45]. The contemporary society cloud compu-

ting and artificial intelligence (AI) are extremely pertinent. 

These technologies are enhancing various growth possibilities 

for companies, not only the effectiveness of work but also in-

novative ideas are developed every day. Most enterprises are 

incorporating these technologies because these enhance com-

puting capabilities and reduce expenses. AI means that we can 

comprehend and apply data effectively it contributes to the ac-

celeration of processes such as supply management or consid-

ering the events of sports matches [12]. An article has brought 

unprecedented convenience and connectivity, revolutionizing 
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the way individuals, business, and government operate. With 

the proliferation of internet-connected devices, cloud compu-

ting, and IoT, vast amounts of data a generated, transmitted, 

and stored every second. The energy industry is not left out 

where systems transmit vast amounts of data during process 

and chemical operations [16]. 

The energy sector is critical, powering every part of the 

economy, and has undergone vast technological transfor-

mation. Such changes have increased the sector’s cyber-attack 

surface and risk. The requirement of advanced techniques for 

data security or monitoring becomes imperative over the tra-

ditional techniques. The energy sector which comprises of 

various industries including oil and gas extractions, refining 

and distribution, electricity generation, power transmission 

and distribution, nuclear power, renewable energy develop-

ment, manufacturing etc. is undergoing significant digital 

transformation (DT), driven by the need deploying AI and 

cloud computing for enhanced operational efficiency, sustain-

ability, and resilience. The industry is experiencing challenges 

including data security, scalability, and system integration 

complexity which are paramount concerns as energy systems 

incorporate advanced technologies. AI and cloud computing 

offer complementary solutions to these challenges [30]. The 

integration of cloud computing and AI is making a synergistic 

impact that intensifies their benefits. Cloud stages give the 

fundamental foundation for sending and scaling AI applica-

tions, making it attainable for organizations to actualize AI-

driven arrangements without contributing to specialized 

equipment [12]. Cloud computing is an advanced technology 

as the central data processing unit on the Internet. It is equiv-

alent to the central nervous system of the brain and users will 

interact with terminals in the cloud and provide inputs to cloud 

computing and accept cloud computing services [19]. Both 

technologies (AI and Cloud Computing) that they both coa-

lesce in automating data analysis, management, security, and 

decision-making process. The scalability, flexibility, and ac-

cessibility of cloud platforms fuel such a collaboration. This 

paper focuses on their impact and potential in revolutionizing 

energy systems by harnessing the power of AI and cloud com-

puting, which will make the industry protect their data, sys-

tems, and networks in an increasingly interconnected world 

[31]. 

1.1. Related Works 

The energy industry as important sector should be deployed 

with these spectrum of digital technologies, as this will change 

the energy sector operational trend that will lead to most leg-

acy systems (traditional) fast movement to be replaced with 

advance technology, that is one the reason for why AI-driven 

and cloud technology integration in to the systems to enhance 

the energy industry for data security and complex perfor-

mance capability [40]. Integrating AI technology into the en-

ergy and its related industries will enhance the data security in 

energy systems through its performance and predictive capa-

bilities [15]. Since data security has become paramount in to-

day’s digital age across all industries, traditional security 

measures are no longer sufficient as cyber threats evolve in 

complexity and volume. AI is a game-changer in fortifying 

data security defenses this is because it provides proactive and 

intelligent solutions that traditional methods cannot match. A 

research scholar highlighted that academic sources reserve 

"strong AI" to refer to machines capable of experiencing con-

sciousness. It is a current application of AI that gives machines 

access to data and lets them learn for themselves to carry out 

the specific tasks. AI-driven techniques are leading to an ex-

traordinary revolution within the domain of cyber defense 

which plays a significant role in many sectors including the 

energy industry and some of these advanced methods at which 

AI-driven approach enhances data security are predictive 

analysis, real-time monitoring and risk mitigation. While arti-

cle by [35] discusses the historical growth of cloud infrastruc-

ture and the critical need for sustainable technology to miti-

gate its massive energy requirements and in a better and clear 

understanding explains that AI is integrate into the energy in-

dustry, this hybrid architectures of AI and cloud computing is 

to ensure that the gain in "intelligence" does not result in a 

catastrophic "loss" for the environment. 

1.2. Predictive Analytics 

Predictive analytics works with data collection, pattern 

identification, predictive modelling and proactive action. In-

tegrating the features of AI and cloud computing into the en-

ergy industry ecosystem will fortify and amplify cloud capa-

bilities, enabling the business process and operations to 

achieve faster growth etc. [41]. Predictive capabilities then is 

one of the role AI plays in data security, by leveraging predic-

tive analytics and can be deployed in key application areas like 

resource optimization, security and risk management, opera-

tion and maintenance with business insight. By analyzing his-

torical data and identifying trends, AI and ML can predict po-

tential vulnerabilities and future attack vectors. This proactive 

approach allows organizations (industries) to strengthen their 

defenses before attack occurs, reducing the risk of data 

breaches and other security incidents [16]. The future of AI in 

energy will see a surge in predictive analytics capabilities, en-

abling energy systems to forecast demand and supply more 

accurately [44]. 

1.3. Real-time Monitoring 

With the advent of AI and cloud-based technology on data 

security, energy systems have experienced remarkable digital 

transformation in real-time process monitoring. Researched 

stress that instead of relying on outdated inspection schedules, 

they use AI to continuously monitor sensors on critical equip-

ment, such as power lines and substations, refineries, power 

plants etc. to detect potential failures or intrusions before they 
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occur [52]. The reliable and secure real-time data communi-

cation is now covered by multiple competing standards. This 

is a rich field, with many interoperable implementations, and 

choosing between these protocols based on specific system re-

quirements can be a challenge. This reinforces the need for the 

active “standards watch” function and potentially for involve-

ment in the corresponding organizations, like the energy in-

dustry which machine learning algorithms as AI subunit can 

be integrated to detect anomalies in energy networks, prevent-

ing potential breaches [20]. The deployment of AI in smart 

grid management enables real-time monitoring and decision-

making, optimizing the balance between energy supply and 

demand [44]. 

1.4. Risk Mitigation 

Risk mitigation as an approach requires a comprehensive 

integrated strategy that gives results with unique technical, ro-

bust cloud security best practices with AI-specific governance 

and continuous monitoring to solve unique vulnerabilities. AI-

driven solutions, despite their potential capabilities, are asso-

ciated with range of risks and these risks must be addressed 

including regulations and sustained AI risk management 

framework [56]. Risk mitigation in cloud technology involves 

identifying, assessing, and reducing potential risks associated 

with clous-based systems, ensuring the safety and continuity 

of operations. The adoption of cloud computing services is es-

sential in the energy industry without compromising security 

or operational integrity looking at its core components of risk 

mitigation like identification, assessment, security control, 

backup and recovery plans and monitoring and auditing [55]. 

For instance, the U.S department of energy discussed risk as 

the potential for the loss of energy supply or services, and the 

associated indirect impacts of those losses on society, result-

ing from the exposure of energy infrastructure to a threat and 

proffering mitigation approaches and measures will be imple-

mented. The energy department outlined energy security plan 

processes involving risk mitigation approach (Element 5) with 

energy landscape, threats & vulnerabilities and risk assess-

ment as shown Figure 1 below : 

 
Figure 1. US Energy Department Security Plan Process. 

2. Technological Integration in Energy Industry 

 
Figure 2. AI and CC in the Energy Industry. 
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The architecture in Figure 2 above reveals the integration 

of AI and cloud computing addressing how these advance 

technologies interact to transform the energy industry, hence 

addressing data security, scalability, and integration chal-

lenges. The integration is illustrated and shows how a modern 

energy infrastructure, like power plants, refineries, petro-

chemicals, fertilizer plants tec., symbolize operational tech-

nology (OT) systems that generate vast amounts of data. It 

features with the three interconnected domains and shows how 

AI and cloud technologies influence these key areas men-

tioned in the study that impact the energy industry positively.  

2.1. AI-driven Threat Detection 

AI can detect both inside and outside threats in any related 

energy industry cyber physical systems (CPS). AI algorithms 

have features and by implementation will monitor, enhanced 

detection and analyze network traffic, identifying anomalies, 

unauthorized access, and potential cyberattacks in real-time in 

any deployed facility or infrastructure. Example is the use of 

machine learning (ML) models to detect malicious, intrusion 

prediction and threat intelligence behavior in cyber physical 

systems or industrial IoT systems (like SCADA, PLC, HMI, 

etc.). These systems integrating AI-driven threat detection se-

curity tools will continuously monitor networks and system 

logs, using ML and behavioural analysis to detect anomalous 

patterns that may indicate security incidents. By automatically 

flagging suspicious activities such as unusual login attempts 

or malware infections, enabl rapid responses [56]. 

2.2. Cloud-based Encryption 

While AI improves detection and response, cloud compu-

ting provides infrastructure-level security. Cloud platforms in 

any system implementation deployed multi-layer encryption 

and access control to secure energy data during transmission 

and storage. Cloud-based technology will enable safer data 

transmission within the industrial IoT ecosystem or CPS in the 

energy industry processes and optimization. 

2.3. Cloud Platforms and Secure Frameworks 

The study suggests and mitigates AI risks in the energy in-

dustry and that requires the collaboration of stakeholders with 

key strategies policies such as enhancing data security, estab-

lishing data governance, data quality, data privacy and cyber-

security policies etc. [10]. AI-driven risk assessments priori-

tize critical vulnerabilities, ensuring robust protection for sen-

sitive energy data. Industrial AI-based solutions suggest sev-

eral advantages offer by with their AI-solution which stand to 

mitigate and detect performance issues, optimize processes, 

make smarter decisions, predict the future, maximize machine 

learning and forecast remaining useful life during industry op-

erations [8]. Companies in the energy industry can optimize 

their process operations with flexible, reliable, and scalable 

cloud-based data services without the need to invest in expen-

sive computing systems. All information is no longer at risk 

in the events of computer failure. All information is stored in 

the cloud, with regular and automatic backups. Cloud plat-

forms provide secure frameworks tailored to the energy sector 

[45], including: 

2.3.1. Centralized Security 

With Cloud Computing in the energy industry, security is a 

primary concern for business utilizing cloud services. With 

the integration of AI into the systems, it will strengthen iden-

tify cyber threats, detect anomalies, and automating responses 

[41]. Centralized cloud computing system will seamlessly 

provide instant operations in terms of data security, and this 

will aid any energy industry (infrastructures). By integrating 

this technology into the energy industry systems for pro-

cessing automation operations and optimization will aid the 

drawbacks posed by the traditional systems. The goal of cen-

tralized cloud security is to send instant notification of a com-

mon threat to information tech teams in real-time [18]. 

2.3.2. Regulatory Compliance 

The energy industry needs AI and cloud technology best 

practices, framework that comply with industry standards. 

This will impact production efficiency and security. Secure 

integration and operation are crucial in this context, demand-

ing robust security measures and compliance with industry 

standards. Regulatory compliance means adherence to stand-

ards and regulations and cloud services support adherence to 

energy regulations across jurisdictions [27]. Numerous regu-

lations have been introduced to create and secure a sustainable 

energy network, including international standards and policies, 

which has become one of the most discussed challenges in the 

energy sector. For the energy industry, mostly the industrial 

systems to maintain market competition and reputation, pro-

tect their assets, data, preserve business continuity and envi-

ronment, boost innovation in the energy sector, also industry-

specific standards such as ISO 50001 and ISO 27019, and 

company-specific policies depend on the organization’s strat-

egy, business needs, sustainable development plan, mission, 

and vision [3]. Regulations should be considered a baseline, 

not an all-encompassing solution, because regulatory compli-

ance can sometimes lead to utilities being overconfident in 

their IT security infrastructure, Modern technologies bring 

new challenges, and threats are evolving faster than regulators 

can develop new standards [5]. 

2.3.3. Incident Recovery 

With a real cyber-attack against the energy systems, organ-

izations must be thorough. The issue is the race against time 

since recovery phase can start when the investigation is over 

most of the time because recovery also means setting up sys-
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tems from backups [53]. In the manufacturing and energy sec-

tor, effective incident response and recovery from cybersecu-

rity incidents are crucial to ensure the continuity of operations 

and safeguard sensitive data. Given the surge in cyber threats 

targeting this sector, manufacturing organizations must imple-

ment a well-defined incident response plan [23]. An organiza-

tion like the energy industry should have an incident response 

and recovery plan as measures and procedures in place to re-

spond to and protect against cyberattack. These measures 

rapid recovery mechanisms ensure minimal downtime during 

cyber incidents. Preparation also is a key, for instance, the re-

cent attack where both with Black Energy 3 in 201 Prepara-

tiontroyer or Crash Override 2016, there were major parts of 

the malicious frameworks that were the destruction and dele-

tion of config files backups and denying access to the devices. 

So, having a good backup will enhance good incident recovery. 

They explore the essential steps for utilities to establish OT 

security incident recovery plans, configuration backups and 

reference framework like NIST Cybersecurity Frameworks 

2.0 for detailed recovery plans [53]. The table below shows 

the summary of each component concept on the study. 

Table 1. Summary of Components Concepts. 

Component Role in Energy Industry Primary Concern 

Cloud Centralized data storage and remote access. Reliance on third-party providers. 

AI Automated decision-making and efficiency. Accuracy of algorithms and "black box" logic. 

Security Safeguarding the physical grid from digital attacks. Preventing massive power outages or data leaks. 

Scalability Handling the "Big Data" from smart cities. Cost-effectiveness as data grows. 

 

3. Materials and Methods 

The study explores the mixed method approach, both qual-

itative and quantitative methods by reviewing fifty-six (56) re-

lated reference materials in other to achieve a precise and dis-

tinct goals which revolves the study integrating AI and cloud 

computing in the energy industry with impact factor on data 

security, scalability and integration issues considering one, 

empirical and experimental research with 8 literatures,  Sec-

ondly, Review and literature-based research material with six 

(6) literatures, Thirdly, theorical/conceptual research 8 refer-

ences. Fourthly, online articles and expert commentaries ma-

terials with references, while the industry/technical report has 

12 references. The research materials have data security key 

insights on AI techniques and cloud infrastructure security 

models protect industrial and energy data assets, AI–cloud 

synergy enhances resource allocation and system performance 

under growing data loads supporting scalability, and finally 

studies discuss interoperability, legacy integration, and data 

sharing issues critical to unified energy networks. 

3.1. Empirical/Experimental Research Method 

With the five (5) research qualitative methods used, the au-

thor looked at quality of journals and reviewed eight (8) liter-

atures, from different other scholars on empirical/experi-

mental research that are based on data collection, measure-

ment, and observation of real-world systems or simulations. 

This method seeks to validate hypotheses through measurable 

outcomes and statistical analysis. In studying AI and cloud 

computing in the energy industry, the materials and methods 

used by the scholars are essential with test system perfor-

mance, security efficiency, and scalability metrics. The re-

searchers also use datasets from smart grids, industrial control 

systems, or cloud-based energy platforms to evaluate the im-

pact of AI algorithms or cloud architectures. 

3.2. Review and Literature-based Method 

The scholars employed this method by reviewing or litera-

ture-based materials that involve systematic identification, 

synthesis, and analysis of existing scholarly works, industrial 

papers, and technical reports. The research method also ex-

plored six (6) referenced materials in the study helps to under-

stand what has been done, identify gaps, and define research 

direction. the review and literature-based method helps to map 

the current state of AI–cloud adoption in the energy industry, 

covering aspects such as, Existing data security frameworks 

for energy data in the cloud, scalability models and load man-

agement strategies used in smart grids and integration chal-

lenges between AI systems, legacy energy infrastructure, and 

cloud platforms. 

3.3. Theorical/Conceptual Research Method 

Theoretical or conceptual methodology used in the study 

are eight (8) good literature materials out of the 56 referenced 

literature by scholars that are employed to develop models, 

frameworks, or theories explaining how variables interact or 
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how systems should be structured. The methodology is typi-

cally non-empirical, focusing on conceptual reasoning, logical 

relationships, and architecture formulation. 

3.4. Online Articles and Expert Commentaries 

Research Method 

In the study, scholars used this method reviewing nineteen 

(19) literatures which involve analyzing insights, and opinions 

shared by industry professionals, technology leaders, cyberse-

curity specialists, and researchers through online platforms, 

including company blogs, magazines, thought-leadership 

pieces, and professional networks such as ResearchGate or 

Medium. It focuses on current, practical, and emerging per-

spectives that may not yet be captured in academic publica-

tions but are highly valuable for understanding real-time de-

velopments and market directions. 

3.5. Industry/Technical Report Research 

Method 

This study also used industry and technical reports with 

scholars publishing 12 related literature materials to the study. 

These are practice-oriented research methods that rely on in-

dustrial reports, market analyses, technical white papers, and 

case documentation. They provide empirical and contextual 

insights from real deployments, often from companies or con-

sultants. 

4. AI and Scalability in Energy Systems 

Scalability is the ability of AI solution to scale across varied 

sizes and types of energy systems, scalability makes AI a val-

uable tool for accelerating the energy transmission and mak-

ing learning energy more accessible to a broader population, 

offering solutions for managing growing demand, integrating 

renewables and enhancing grid stability. AI solutions can be 

scaled up or down to fit the needs of different energy systems, 

from small microgrids to large, interconnected networks. With 

AI enabling scalability, it will improve grid stability, reduce 

operational cost, increase efficiency, enhance sustainability 

[28]. Furthermore, AI supports scalability in energy opera-

tions by the following: 

4.1. Dynamic Load Management 

There are three different options when it comes to load 

management, where dynamic load management was consid-

ered more advanced than unmanaged and static load manage-

ment. Dynamic load management considers the load at the 

grid connection point in real time and adjusts the load supplied 

to the charging stations accordingly. This process can be en-

hanced by AI. Dynamic load management has two significant 

advantages over the other options. Firstly, peak loads are lim-

ited to enable permanent overload protection. Secondly, the 

charging power is only limited in periods of high base loads. 

Dynamic load management is adaptable [13]. Wang, (2018) 

explained that AI-driven load balancing can be integrated into 

data center exiting network for scalability this can enhanced 

effective value-added services without changes in the struc-

tures. The importance of power quality issue on micro grids 

and the changing nature of power system distortions will lead 

the future power systems to use distributed power quality im-

provement (DPQI) devices. AI optimizes energy distribution 

based on real-time demand. 

4.2. Predictive Maintenance 

Underlines that as lightweight and fast computers became 

widely available in the 1980s, predictive maintenance be-

comes practical. The goal is to preemptively predict equip-

ment failure through data from conditional monitoring and 

computer models. Several reliability technologies were devel-

oped in this period. Predictive Maintenance is the most prev-

alent strategy presently [26]. The development of Smart Pre-

dictive Maintenance Frameworks (SPMF) in the oil and gas 

industry. These frameworks utilize Digital Twins, a dynamic 

digital representation of physical systems, to facilitate real 

time monitoring and predictive analysis. By integrating Tiny 

Machine Learning (TinyML) at the edge, these frameworks 

address challenges like transfer latency and data overload, en-

hancing maintenance efficiency while reducing the carbon 

footprint [1]. The highlights that the combination of process 

and technology has the potential to disrupt the predictive 

maintenance world and for many companies, including the en-

ergy industry, means reduced downtime, fewer emergency re-

pairs, lower repair costs, increased asset availability and in-

creased revenues. Advanced analytics anticipate equipment 

failures, reducing downtime. Finally, on integrating predictive 

maintenance into energy systems or industry process and 

maintenance operations [14]. Advancing from predictive 

maintenance to intelligent maintenance (PMIM) with artificial 

intelligence and industrial IoT, which cloud computing is a 

crucial and integral part, is a solid step for the goal of autono-

mous running manufacturing lines 24/7 with zero downtime 

in future enterprise [26]. In fact, AI use in predictive mainte-

nance has been shown to reduce breakdown by 70 per cent and 

maintenance cost of 25 per cent. A notable example of this is 

National Grid ESO (Electricity System Operator) in the UK, 

which is leveraging AI predictive maintenance to monitor 

their energy infrastructure [52]. 

4.3. Automated Decision-making 

Artificial intelligence (AI) can analyze large amount of data 

in a very short time-and it therefore increasingly being used to 

support decision-making. AI offers the advantage of making 

decisions faster and more efficiently than humans alone [50]. 

Olivia (2024) stress on three main recognized levels of the AI 

spectrum-assisted intelligence, augmented intelligence and 
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automated intelligence. Whether a decision must be AI auto-

mated, augmented or supported depends on two factors. The 

time limit within which the organization will need to be de-

cided, and second factor is its complexity. AI-driven automa-

tion streamlines energy management and optimizes the pro-

cesses with a better throughput. When artificial intelligence 

(AI) is deployed into the energy systems it will enable ma-

chines to perform tasks that typically require human intelli-

gence, including making decisions etc., because it uses train-

ing data to comprehend context and determine how to respond 

or react in different situations. AI-driven automation stream-

lines energy management processes [43]. Finally, artificial in-

telligence (AI) takes raw data stored in the cloud and turns it 

into action. It identifies patterns that humans might miss and 

this for example in terms of AI benefit as decision makers in 

the energy industry can balance the grid automatically by tell-

ing batteries to discharge power exactly when a cloud passes 

over a solar farm. This autonomous decision making as AI in-

tegration into energy will embrace skills development to ad-

dress the challenge of incorrect use of ML technologies and 

the risks of Artificial Intelligence leading to erroneous optimi-

zations. Interpretability of AI needs to be covered in skills de-

velopment [4]. In conclusion, AI offers enormous potential to 

speed up and improve decision-making processes in integrat-

ing it into the energy industry for systems management [49].  

5. Cloud Computing and Scalability in 

Energy Systems 

Scalability in cloud computing is having the ability to de-

crease your IT resources easily when your business needs stor-

age or speed changes. As the energy industry (business) grows, 

cloud scalability allows you to quickly and cost-effectively 

adapt to the changes [29]. Energy Exemplar (2024) highlights 

the capabilities offers by cloud computing or solutions which 

will be required for energy industry and their systems to suc-

cessfully navigate the future of their operations. These bene-

fits include scalability and flexibility, data management and 

analytics, collaboration and remote operations, cost efficiency 

and enhances cybersecurity [7]. Cloud scalability is a flexible, 

reliable data infrastructure capable of scaling up or down its 

amount of data, number of applications, and types of locations 

to support changing business demand and objectives. It over-

comes many of the limitations of legacy data storage by 

providing a unifying data infrastructure with several important 

advantages [25]. Cloud-based energy management systems 

have the potential to completely transform several industries. 

It provides an accessible, scalable, and adaptable platform for 

energy consumption management (ECM) [34]. Deploying or 

integrating cloud computing and scalability in energy systems 

will make systems adapt to changes seamlessly, without 

downtime and without having to fundamentally rearchitect 

[25]. Cloud computing enables scalable energy solutions 

through: 

The cloud-based technology and scalability provided will 

impact on the energy industry systems if deployed in by re-

lated firms advancing technological and infrastructural devel-

opment on innovations in their domains. The secret of In-

dorama’s World-Class status and the pride of Nigeria’s indus-

trialization. The quarterly magazine reveals how these ad-

vance technologies keep Indorama’s operations energy effi-

cient, environmental-friendly, safe and cost-effective [54]. 

The global cloud services market is projected to reach $2.5 

trillion by 2031, with the adoption of advanced technologies 

such as AI/ML, and mobility driving this growth, and this 

makes the cloud’s environmental footprint becoming increas-

ingly difficult to ignore in industries including the energy in-

dustry. But Research by Precedence 2024, underscore that the 

global cloud computing in energy market size accounted for 

USD 1.32 billion in 2024, grew to USD 1.45 billion in 2025 

and is projected to surpass around USD 3.42 billion by 2034, 

representing a healthy CAGR of 10% between 2024 and 2034. 

The Figure 3 below represents the cloud computing energy 

market size 2023 to 2034, reflecting the impact of this tech-

nology on the energy sector, enhancing scalability, opera-

tional reliability and efficiency [17]. 

 
Figure 3. Cloud Computing Energy Market Size 2023 to 2034. 

Like other energy industry related firms, the power industry 

etc. research by global market, reports that North America 

dominated the global cloud computing in oil & gas market 

with a major share of over 30% in 2024. The U.S. has invested 

heavily in its cloud infrastructure, which drastically increases 

U.S. companies’ operational efficiency [35]. The combination 

of dominant players and key advancements in digital transfor-

mation efforts is facilitating the growth in the market. With 

these inputs from research bodies have shown us the through-

puts of cloud platforms facilitating a good collaboration across 

distributed energy systems [42]. 

6. AI and Integration Challenges in 

Energy Systems 

Besides many sectors, AI will drive the energy sector trans-

formation, offering innovative approaches to optimize energy 
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systems’ operations and reliability, ensuring technology eco-

nomic advantages. However, integrating AI into the energy 

sector is associated with unforeseen obstacles [51]. It was re-

vealed [22] that in the year 2021 AI funding was doubled at 

$66.8B in many sectors. While artificial intelligence (AI) 

brings significant benefits to the energy sector, it also intro-

duces challenges, but few challenges on the integrating of ar-

tificial intelligence (AI) into energy systems [53], such as: 

6.1. Data Quality 

Data is the backbone of any artificial intelligence (AI) sys-

tem. The accuracy and reliability of AI models depend entirely 

on the quality of the data they process. Data quality and man-

agement in the energy industry are vital and important as this 

enables the systems processes to produce the needed through-

put. The sheer volume of data from various sources like smart 

meters, sensors, etc. can be overwhelming. Advance AI algo-

rithms and ML techniques can automate the process of clean-

ing and standardizing the data, ensuring high-quality datasets. 

Effective AI models require structured and accurate energy 

data. These innovative approaches of both AI and ML algo-

rithms can also reveal insights from unstructured data, unlock-

ing new innovations for the energy optimization [44]. 

6.2. Legacy Systems 

With one-on-one interview in May 2025 with a power hold-

ing and distributed company manager recently reveals that a 

larger percent of the energy industry still operates with legacy 

systems in Nigeria. The energy industry is presently experi-

encing setbacks due to lack of funds management and leader-

ship of resources available to improve this sector by integrat-

ing innovative technologies. The energy industry in Nigeria 

needs to be revamping to improve seamless operations inte-

grating AI and cloud computing to replace legacy systems, 

technologies were over 88% of organizations now adopting or 

depending upon for operations [46]. Many energy companies 

still rely on outdated infrastructure that was not built to handle 

AI-powered automation. AI solutions often require real-time 

data access and cloud computing power, which legacy sys-

tems may lack. The reason remains that AI models need to 

integrate with existing SCADA (Supervisory Control and 

Data Acquisition) systems, IoT networks and data lakes, 

which may require upgrades, and the solution comes with Im-

plementing AI-powered solutions that support modular inte-

gration, allowing gradual adoption without replacing entire 

systems at once. Terms of those long-standing technologies 

that most energy companies still depend on are a bit like a 

study, old truck. The answer is integration. He said many com-

panies depend or rely on these systems which were often built 

decades ago and may not fully support today’s workflow [11]. 

Many industrial systems run on outdated devices and technol-

ogy without ongoing support, making them difficult to secure. 

This will end up with risk of cyber incidents since the systems 

are vulnerable to malicious activities. This applicable to many 

systems deployed for a long time with the energy industry [24]. 

Threat actors are intensely focused on the energy sector, tar-

geting it over three times more than the next most frequently 

attacked vertically (critical manufacturing etc.). This is the 

reason why the sector needs the leveraging of AI and cloud 

computing integration to ensure compatibility with existing 

energy infrastructure [30]. Legacy systems integration with 

modern applications, like the iPaas that can offer several ad-

vantages like low cost, reduced tech debt, extended system 

lifetime. Without integration, most energy industries risk fall-

ing behind as technology advances [11]. Therefore, AI can of-

fer middleware solutions that act as a bridge between legacy 

systems and innovative technologies. These solutions can 

translate data formats and protocols, allowing for seamless 

communication and integration without the need for extensive 

infrastructure overhauls [44]. 

6.3. Customization Needs 

Customizing the needs of energy systems will aid the pro-

cesses of modification and configuration of cloud services to 

meet specific operations in the industry. There are benefits in 

customizing the needs deploying cloud computing and scala-

bility in the energy systems, with focus on scaling up and 

down resources based on demand. Customization needs are 

essential for business (energy sector) seeking to use the full 

potential of cloud solutions by customizing cloud computing 

services. The article suggests that by designing cloud solu-

tions to unique business requirement, organizations can 

achieve greater flexibility, scalability, and cost efficiency. 

This is based on the unique requirements of the energy sys-

tems as this process will improve data security, application 

performance or enabling faster time-to-market for new prod-

ucts in sector [48]. 

7. Cloud Computing and Integration 

Challenges in Energy Systems 

The drawbacks faced by cloud-based technology integra-

tion into energy systems describe how cloud computing be-

comes an integral part of modern information technology in-

frastructure, providing scalable and flexible resources to busi-

ness operations. Although integrating cloud-based technology 

in the management of energy systems is a huge challenge, it 

will be driving more research and from free software-defined 

networks, converged systems, including improved automation 

and application provisioning, also increasing the demands on 

IT infrastructures, especially for those companies (energy) 

trying to make do with older technologies [2]. As important as 

energy systems they need promising advance cloud systems 

to enhance the system performance of the sector [47]. By im-

plementing this technology in the energy sector simplifies 

complex integration of different technological platforms in 
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managing the connectivity of different systems from manufac-

turers and vendors while addressing the following drawbacks 

for technological enhancement [32]. Furthermore, while it is 

important to take advantage of could base computing by 

means of deploying it in diversified sectors, the security as-

pects in a cloud-based computing environment remains at the 

core of interest [37]. The followings areas offer challenges in 

integrating cloud computing with the energy industry systems. 

7.1. Interoperability 

Addressing interoperability in the energy domain presents 

a complex challenge due to its encompassing nature, involv-

ing the private sector, public-private collaborations, and indi-

vidual citizens, whether they are prosumers or not. The 

breadth and diversity of these stakeholders necessitate a com-

prehensive approach to interoperability [36]. In the ever-

changing environment of cloud computing, interoperability is 

critical notion that shapes how different cloud systems and 

services work together to build a cohesive and effective digital 

ecosystem [21], how interoperability in cloud computing is 

emerging as a significant concern, often overshadowed by the 

more apparent benefits of cloud services [6]. Despite the ad-

vances in cloud technologies, interoperability remains a com-

plex challenge due to several factors, like heterogenous sys-

tems, this is because cloud services are built on different plat-

forms with varying standards and technologies, making it dif-

ficult for them to interact effectively. Secondly, standardized 

APIs connects diverse energy systems, and this can hinder the 

seamless integration and communication between different 

cloud systems, affecting the overall efficiency of the cloud so-

lution. Additionally, the risk of vendor lock-in, where busi-

nesses become overly dependent on a single cloud provider, 

can further complicate interoperability. In technology ad-

vances, embracing interoperability becomes not just an option, 

but a requirement for enterprise seeking agility, innovation, 

and a future-ready digital infrastructure [21]. The EC discov-

ered as early as 2010 that technical integration issues will arise 

while connecting heterogeneous infrastructures to the smart 

grid. In response, the Commission issued the M/490 mandate 

to Standards Development Organizations (SDOs). This man-

date issued to CEN, CENELEC, and ETSI, focuses on tech-

nical interoperability in smart grids. It aims to address the 

challenges posed by the integration of various smart grid tech-

nologies and enable seamless communication between differ-

ent systems [36]. Critical Infrastructure like energy, being tied 

to a single cloud provider is a security risk. If that provider 

fails or changes its security policy, the entire grid could be 

vulnerable. Interoperability allows an energy company to 

"port" or move its data and AI models to a different environ-

ment quickly, ensuring system resilience [21]. 

7.2. Data Migration 

Data migration from legacy systems to cloud is pivotal for 

energy systems, moving data from one success of this data mi-

gration process, like the energy industry depends on several 

aspects like planning and impact analysis of existing enter-

prise systems. Data migration is a multi-step process that be-

gins with analyzing old data and culminates in data uploading 

and reconciliation in new applications. With the rapid growth 

of data, organizations constantly need to migrate data. Migra-

tion also can be very costly if best practices are not followed 

and hidden costs are not identified in the early stage. On the 

other hand, many organizations today instead of buying IT 

equipment (hardware and/or software) and managing it them-

selves, they prefer to buy services from IT service providers. 

Data migration in energy systems stands out as a challenge in 

integration with cloud computing, that is why prioritizing data 

security during migration is essential. Data to migrate can be 

substantial, requiring careful planning to minimize downtime 

or inconsistences, impacting business continuity and user sat-

isfaction. Transitioning energy operations to the cloud de-

mands careful planning and with Cloud through suggested 

proposed model that enhances data security and privacy by 

gathering Advanced Encryption Standard-256 (ATS256), 

Data Dispersion Algorithms and Secure Hash Algorithm-512. 

This model achieves verifiable security ratings and fast exe-

cution time [39]. 

7.3. Hybrid Solutions 

Hybrid cloud solution combines two or more energy system 

networks of energy sources, either renewable or non-renewa-

ble to reliably and efficiently create power supply. There is a 

benefit for deploying hybrid solutions in terms of optimizing 

the energy systems (industrial) and therefore combining on-

premises and cloud systems in energy networks requires robust 

frameworks. The hybrid solution or models can impact on the in-

dustry by fixing the challenges faced by the following: data secu-

rity, scalability and latency in the energy industry. The table be-

low shows a summary of these challenges on the phase of inte-

gration and the solution offered by this hybrid model or solution. 

Finally, the potential of cloud-based solutions is the first step to-

wards a brighter energy future. Through the utilisation of cloud 

computing’s flexibility and data power, we can progress towards 

a society where energy is not just consumed but also responsibly 

and intelligently controlled [33]. 

Table 2. Summary of Hybrid Solution Impact. 

Challenge How Hybrid Cloud + AI Fixes these Challenges 

Integration 
Uses AI-enabled "Edge Gateways" to bridge 

legacy hardware and modern software. 

Security 
Keeps critical "Grid Control" local/private while 

using public cloud for non-sensitive analytics. 

Scalability 
Uses "Cloud Bursting" to handle massive data 

spikes during weather events or peak hours. 
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Challenge How Hybrid Cloud + AI Fixes these Challenges 

Latency 
Edge AI makes split-second decisions locally; 

Cloud AI handles long-term strategy. 

 

7.4. Data Privacy 

There is a significant challenge in integrating cloud compu-

ting tech into energy systems this is because of the critical 

need for efficient and reliable operations. The challenges 

posed by integrating this technique are few but precisely span 

technical, operational domains and regulatory which includes 

cybersecurity threats, third-party access and shared responsi-

bility, collection of data, regulatory compliance, balancing in-

novation with security etc. Therefore, for instance the lack of 

security protocols in both web and mobile cloud computing 

can lead to data hacks that may lead to further security issues 

[9]. This really will impact cloud computing as it raises con-

cerns regarding its privacy and security due to the involve-

ment of third-party vendors to protect sensitive data. 

8. Technological Challenges in the 

Energy Industry 

There are numerous challenges posed by artificial intelli-

gence and cloud computing by integrating these technologies 

into the energy sector. To mention few are complexity, com-

pliance and cost-effectiveness as each challenge or limitation 

causes and hindrance in one area or the other. 

8.1. Complexity 

The complexity in the energy sector or industry comes from 

an involvement with related industry regulations and integra-

tions of innovated tech solutions into the industry operational 

and processes for monitoring and control to enhance better op-

timization and achieving production throughput with ease of 

any cyber threat or attack. This is where AI’s algorithms re-

quire substantial computational power and expertise to be able 

to handle such emerging technologies deployed into the en-

ergy industry. The stakeholders in the energy industry should 

consider and ensure that the regulatory landscape, technolog-

ical innovations for legacy and interconnected systems form a 

platform that requires a cloud solution for cybersecurity. 

8.2. Compliance 

Compliance with agreed regulatory and international stand-

ards for the industry operations will impactfully aid the relia-

bility, efficiency and productivity of these systems. The en-

ergy sector needs to operate with international standards, in-

dustry-specific compliance for yet navigating global energy 

regulations adds complexity to cloud adoption [9]. The devel-

opment of AI and application in energy may pose challenges 

to existing law systems, and the constraints of policies and 

regulations on the development of AI and cloud computing in 

the energy industry. Management, rights, responsibilities and 

obligations of different moral subjects must be specified. The 

adverse consequences must be predicted and prevented. To 

scale an AI system across a national grid for example, it must 

be able to handle this massive, diverse data influx emphasize 

that traditional methods are no longer sufficient, and Cloud-

based AI is required to manage the volume and variety of data 

necessary for grid resilience. Also, suggest that for AI and 

Cloud to be successfully integrated, there must be a shift in 

"Responsible Knowledge." This means that data security is 

not just a technical issue, but a regulatory one [9].  

8.3. Cost-effectiveness 

The worldwide cloud AI showcase estimate was esteemed 

at USD 44.97 billion in the year 2022 and is assessed to de-

velop at a compound yearly development rate (CAGR) of 39.6% 

from 2023 to 2030 as depicted in Figure 3. Cloud AI combines 

the control of cloud computing with AI calculations to supply 

businesses with benefits, counting quicker preparation, pro-

gressed effectiveness, and fetching reserve funds. One of the 

key drivers of industry development is the expanding appro-

priation of AI and machine learning advances by businesses 

over different segments [38]. In the words of numerous indus-

try heavyweights, AI is the new electricity. The Economist 

magazine championed the slogan, “Data is the new oil. The 

role of AI and data security will be cost-effective with the 

view of looking at the beginning of a golden age of AI we’ve 

only scratched the surface of what is possible.” This promise 

is to fuel record investment into the AI sector, over US$20bn 

in Q2 2021 alone. High initial investments may limit wide-

spread adoption in the energy sector. There is now widespread 

agreement on the potential benefits for investment managers. 

Eighty two percent of investment management companies sur-

veyed in 2020 listed AI to be of either ‘very high’ or ‘high’ 

strategic importance in two years [38]. The author shows the 

strategic importance of AI in investment management in Fig-

ure 4 below. 

 
Figure 4. Strategic importance of AI in investment management. 

One significant advantage of AI and cloud computing lies 

in cost savings. The traditional model of running ML models 

on expensive enterprise data center machines is now replaced 
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by the cost-effective public and private cloud infrastructure. 

The subscription-based model transforms capital expenditures 

[31]. An example of smart AI energy management systems 

that can save up to 30% in operational cost through automated 

resource allocation and predictive maintenance. Some other 

real-world deployments show that utilities using AI-backed 

systems can reduce maintenance time by 50% while extending 

equipment lifespan by up to 20% [44]. 

9. Prospects in AI and Cloud Computing 

This is driven by the need for increased sustainability and 

effectiveness of integrating energy sources which offer signif-

icant opportunities. Since AI and cloud computing technolo-

gies are deployed almost across the entire energy value chain, 

from exploration to consumption, most especially in renewa-

ble energy management, smart grids, predictive maintenance, 

oil & gas exploration, digital twins etc. The prospects for AI 

and cloud computing describe the cloud-based technology 

eliminating the need for massive on-premises hardware, em-

powering startups and enterprises to leverage machine learn-

ing, etc. Furthermore, hybrid cloud solutions are emerging as 

the preferred habitat for AI cloud computing. The conver-

gence of AI and cloud computing holds transformative poten-

tial for the energy industry [31]. Future advancements include. 

9.1. AI-powered Cloud Platforms 

The ability of cloud platforms to leverage their infrastruc-

tural “core “ of computing assets and micro-services to third-

party institutions has been considered another important 

source of their infrastructural power as it allows them to ex-

pand and integrate themselves into various domains of appli-

cation. The cloud computing industry is dominated by three 

big players, Amazon Web Services (AWS), a cloud platform 

that was launched in 2006 and is the market leader. To give an 

idea of the scale of the business, in Q3 2019 alone it generated 

$9bn in revenues, up 35% on the previous year, with a profit 

margin of 25% [31]. Another AI-powered cloud platform is 

Azure, launched in 2010, Microsoft’s equivalent that recorded 

$4.2bn in revenue over the same timeframe (up 59% y/y). 

Google’s GCP (Google Cloud Platform which forms Google’s 

‘other revenues’ includes G Suite/Google Play) produced 

$6.4bn (up 39% y/y). Integrating AI into cloud services for 

enhanced decision-making and automation will be an ad-

vanced platform for the energy industry when deployed. 

Therefore, AI-powered cloud automation tools are set to 

streamline resource provision, security monitoring, and per-

formance optimization processes in the energy industry and 

with this intelligence analytics will witness continuous im-

provement, enhancing data analysis speed and accuracy [31]. 

9.2. Resilient Energy Systems 

These systems are designed to mitigate and rapidly recover 

from disruptions like natural disasters, cyberthreats and intru-

sions etc. and ensure continuous energy apply during system 

operations. These systems are essential and matter to the na-

tional security of a nation and their economic stability en-

hanced there must be proactive measures alongside quick re-

sponse capabilities. For instance, the digitalization of the en-

ergy sector, such as AI integration with cloud solution etc., are 

integrated into energy systems. Leveraging predictive analyt-

ics and cloud infrastructure for robust energy network man-

agement [40]. The promise of AI is to unlock enormous ana-

lytical and predictive power that can enhance processes, create 

efficiencies, and improve investment returns, also have the po-

tential to play a role in nearly every facet of industry and the 

wider ecosystem [38]. 

9.3. AI and Cloud Technologies Emerging Job 

Roles 

The integration of AI and cloud computing into the energy 

industry has created a very high demand for trained profes-

sionals and hybrid skill personnel, especially new employees 

in the energy industry to successfully operate these technolo-

gies deployed into the energy value chain. Few key emerging 

professionals and skilled personnel positions in high demand 

in the energy industry are AI analyst/Data scientists, smart 

grid engineers, cybersecurity experts, robotics/automation en-

gineers, cloud architect/engineers etc. This study also reveals 

the need for all energy value chains encouraging training of 

technical employees to acquire the needed skills for better and 

more efficient operations of these advanced technologies in 

the industry. 

10. Conclusion 

AI and cloud computing offer significant opportunities to 

address data security, scalability, and integration challenges in 

the energy industry. The key insight on these factors remains 

that AI techniques and cloud infrastructure security models 

protect industrial and energy data assets. Secondly, AI cloud 

synergy enhances resource allocation and system performance 

under growing data loads, and, thirdly, the studies discuss in-

teroperability, legacy integration, and data sharing issues crit-

ical to unified energy networks. Their combined potential 

paves the way for innovative, resilient, and efficient energy 

systems. Strategic adoption will empower the energy sector to 

meet future demands and achieve digital transformation and 

revolutionizing of the energy industry. Ultimately, the future 

of a resilient and sustainable energy industry depends on the 

industry's ability to adopt AI and Cloud computing while 

maintaining the delicate balance between open, interoperable 

systems and secure, sovereign control. The path forward lies 

in a "best of both worlds" hybrid approach where the intelli-

gence of AI and the power of the cloud are harnessed to create 

a grid that is not only smarter but inherently more efficient, 

secure and scalable for the generations to come. 
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Abbreviations 

AWS Amazon Web Services 

CAGR Compound Annual Growth Rate 

ETSI European Telecommunication Standards 

Institute 

CENELEC European Committee for Electrotechnical 

Standardization 

SDO Electricity System Operator 

CEN European Committee for Standardization 

iPass Integration Platform as a Service 

ESO Electricity System Operator 

ECM Energy Consumption Manager 

ISO International Organization for 

Standardization 

NIST National Institute of Standards and 

Technology 

HMI Human Machine Interface 

PLC Programming Logic Controller 

SCADA Supervisory Control and Data Acquisition 

CC Cloud Computing 

AI Artificial Intelligence 

CPS Cyber Physical Systems 
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